vided in Section II for antimissile systems (com- 
monly called ABM) and reentry vehicles (R V's l. 


SECT10N I 


_ 
BLAST DAMAGE TO 
TACTICAL MISSILE SYSTEMS • 


• 
The effects of air blast on three specific 


sample systems. the SERGEANT, the LANCE. 
and the HAWK, are described in this section. 
The vulnerability analysis of these missiles and 
their support eqUipment is intended to provide 
information from which the probable effects of 
air blast on other tactical missile systems may be 
estimated. An example of such an estimation for 
the HONEST JOHN missile is also provided, 
Outline 
drawings of the sample systems are 
shown in Figure 16-1 for comparison purposes. 
• 
In the case of each system, it is assumed 
that the system may be attacked from the time 
that the missiles are in stockpile until the missile 
warhead is detonated over the target. During any 
phase of this stockpile-to-target sequence, the 
system vulnerability is determined by the most 
susceptible component that is essential to com- 
pletion of the mission. The vulnerability of all 
critical components is tabulated for each system. 
VUlnerability is expressed in terms of peak over- 
pressure, assuming that the blast wave is from a 
contact surface burst with a yield between I kt 
and 300 kt. A range of values is given for the 
overpressure vulnerabilities, e.g.. 12 to 19 psi. 
These numbers mean that either 12 psi from a 
300 kt burst or 19 psi from a I kt burst is esti- 
mated to be sufficient to render the system com- 
ponent incapable of performing its necessary 
functions to complete the mission. Each vulnera- 
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DAMAGE TO MISSilES • 
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• 
Missile systems are subject to damage by 
essentIally all of the phenomena described sepa- 
rately in Chapters 2 through 8. Part 1. of this 
manual. i.e., all or part of the system may be 
damaged by blast and shock (Chapter 2), by 
thermal radiation (Chapter 3), by X-ray radia- 
tion (Chapter 4), by nuclear radiation (Chapter 
5) mainly in the form of transient radiation 
effects 
on 
electronics 
(TREE) 
phenomena 
(Chapter 6), or by the electromagnetic pulse 
(EMP 
(Chapter 
7». Communications and/or 
radar subsystems are also subject to degradation 
of their propagation characteristics as described 
in Chapter 8. 


• 
The 
damage 
that 
might 
result· from 
s 
,of the phenomena listed above is so 
dependent on specific system design that general 
methods for predicting specific missile system 
response cannot be provided. These phenomena 
include X-ray radiation. TREE, and EMP. Conse- 
quently, general descriptions of the 
damage 
mechanisms associated with these phenomena, 
applicable to missiles as well as other systems, 
are 
provided in Sections V, 
VII, and VIII, 
respectively, of Chapter 9. Additionally, some 
ambient nuclear radiation levels for "sure safe" 
and "sure kill" of missiles are given in Table 
14-11, Chapter 14.. Chapter 17 discusses the 
signal degradation of communications and radar 
systems. No further discussion of the damage or 
degradation (tom these phenomena is included 
herein. 
..- This chapter is divided into two sections. 
~n 1 describes blast damage to tactical mis- 
siles. Sectia '. II describes the response of stra- 
tegic systerr, .. to blast and thermal phenomena. 
Where appropriate, separate discussions are pro- 
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Figure 16-1. • 
Missile Configurations, SERGEANT, 


~CE. and HAWK II 
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II 
bility .level is·a1sQ shown in the form of I> nunr ., 
ber curve, which allows critical values of range 
and overpressure to be determined as a function 


o~nyield. 
~ Many circumstances alter the vulnera- 
bility threshold of specific ,>ystem components. 
For example, a truck that is carrying a missile to 
the launch site is less likely to be overturned by 
a blast wave if it is facing the burst than if it is 
hit from the side (see Table 14-5, Chapter 14). 
The velocity and orientation of a missile in flight 
both ue important. If the tenain is conducive to 
the fonnation of a precursor, the truck may be 
subjected to a greatly enhanced dynamic pres- 
sure impulse, capable of overturning it much 
more'easily than if it were ex~osed to the same 
burst at the same range under near-ideal condi- 
tions (!'aragraph 14-2, Chapter 14).' The over- 
pressure and dynamic pressure at the target 
depend on height of burst as well as distance. In 
order to reduce vulnerability data to a lUll:J1age- 
able set of numbers, the following conditions are 
assumed for the analysis in this section. 
• The orientation of the system component 
with respect to the blast wave is such that 
the procability ~f serious damage is a maxi- 
mum. 


• 
Near-ideal 
surface 
conditions 
exist 
(no 
precursor). 
• The blast wave is produced by a contact 
surface burst. 
If radically different conditions are expected, 
appropriate changes in vulnerability levels must 
be made. In the caSe of a burst that produces a 
precursor, the dynamic prbssure would be en- 
hanced, and drag sensitive targets, i.e., those sus- 
ceptible to toppling or overturning, probably 
would be damiaed at an overpressure lower than 
predicted. Also, an air burst could produce a 
double shock on a target located in the regular 
reflection region; again this could lead to signifi- 
cant target damage at an overpressure lower than 


predicted. Thus. the numbers given should only 
be used as guides to the assessment of system 
blast damage. 
• 
Damage to targets that are primarily 
drag sensitive is determined by the dynamic 
pressure level. However, for near-ideal surface 
conditions, there is a known correspondence 
between peak overpressure and peak dynamic 
pressure (although the pulse durations can be 
somewhat different). Therefore, for the purpose 
of this chapter, all damage levels are expressed as 
overpressure levels, inclUding the damage levels 
that apply to drag sensitive targets. 
.SiiEANT WEAPON 


1~1 
Description of the SERGEANT 
Weapon System • 
• 
The SERGEANT weapon system is a 
second 
generation 
surface-to-surface 
missile 
system capable of being used under all terrain 
and weather conditions. Major items of the 
system are: 
• SERGEANT missile Mi5 and containers 
The SERGEANT missile body consists of 
four major assemblies: 
(I) rocket motor M53; (2) guidance section 
M38; (3) warhead section M65; and (4) 
control surface 
assemblies 
M58. 
Figure 


16-1 shows a drawing of the missile. Figure 
16-2 shows the missile parts in containers 
and ready for transport. 
• Four-wheel. 
semitrailer mounred guided 
missile launching station M504. Figure 16-3 
shows this unit in firing position. One com- 
ponent, the launching station firing set, is 
shown in more detail in Figure 164. 


• Four-wheel. 
6 ton, low-bed semitrailer 
M527. 
• OrganizaUonal Maintenance 
Test Station 
(OMTS) AN/MSM·35. This trailer hOLlsed 
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Figure 16-2. 
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Figure 16·3. II SERGEANT System, Launching Station 
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Figure 16-4.• SERGEANT System, Launching 


~on Firing Set II 


ISSI es 
In Containers in Transit (SER· 
GEANT). 
Since 
the 
transport 
vehicles 
afford partial protection for the containers, 
the vulnerability estimates were based on 
the pressure levels require 
the 
ore 
Ie vehicle, 


~nit, shown in Figure 16-5, is used for pre- 
launch testing and replacement of defective 
assemblies. 
• Field Maintenance 
Test Station (FMTS) 
ANIMSM-36. This unit is similar to the 
OMTS. It can be used to perform many of 
the functions of the OMTS, and it is also 
used in situations that require more exten- 
sive testing and repair work than normally 
is done by the OMTS. 
• Warhead Section Container 
• Truck, M35 
In addition to the equipment listed above, an 
MSS cargo truck is used to transport the rocket 
motor when the M527 is not available. 
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Vulnerability 
L~ell of the 
• 


SERGEANT Miuile Sy¥\Sm 


• 
The vulnerability levels of th; variOti:: 


components of the SERGEANT missile system 
are.·n Table 16-1. 
" 
The estimated vulnerability letels of 
the system in its various operational phases are 
described below. The most likely damage modes 
are also described. 
• 
Missiles 
in 
Containers at 
Storage 
Site 
(SERGEANT). Figure 16-2 shows the type 
of containers used to store missile parts. 
The warhead section container, which is 
slightly longer than the 
tion 
container, is not shown. 
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Table 16-1. _ 
SERGEANT. Characteristics and Damage Levels for System Cc)mponents II 
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_ 
The blast vulnerability of the principal 
components of the SERGEANT missile system 
can be determined by reference to Table 16-1 
and Figure 16·6; the figure provides curves that 
allow the determination of pressure levels and 
distances for damage corresponding to various 
weapon yields. Table 16-2 shows a summary of 
the blast vulnerability of the susceptible subsys- 
tems in the various configurations of the SE R- 
GEANT missile system. 


Table 16-2. 
_ 
Blast Vulnerability Summary, SERGEANT ·Missile System II 
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Figure 16.6. _ 
SERGEANT, Major Item Blast ~erability. 
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_ 
LANCE WEAPON SYSTEM. 


16-4 
Description of the LANCE 
Weapon System lit 


• 
The LANCE is a surface-to-surface mis- 
sile for general field artillery fire support of 
Army Divisions. The five major items of the 
LANCE system are: 
• LANCE 
Missile 
Body, shown 
in Figure 
16-1. 
• Self-prl)pelled Launcher (SPL), shown in 
Figure 16-7. 
• Transporter Loader (IL), shown in Figure 
16-7. 
• Lightweight 
Launcher (LWL), shown in 
Figure 16-7. 
• Other Ground Support Equipment, shown 
in Figure 16-8 (contact Support Test Set is 
not shown). 


16-5 
Vulnerability Levels for the 
LANCE Missile System II 
. . 


Blast 
vulnerability 
levels for 
the 
componen 
of thl: LANCE missile system are 
shown in Table 16-3. Based on these values. the 
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Figure 16-7. - 
LANCE Synem, PrilTIlIry Units of 
~ Missile System II 
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Table 18-3. _ 
LANCE, Characteristics and Damage Levels for System Components III 
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- 
susceptibility levels of the LANCE missile sys- 


te~n during its various operational phases are 
estimated to be as follows: 


8 Missile Parts in 
Site (LANCE 
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The blast vulnerability of the principal 
configurations of the LANCE missile system can 


be obtained from Table 16-3 and Figure 16-9; 
the figure includes curves from which the pres- 
sure levels for damage corresponding to various 
weapon yields and ranges may be obtained. 
Table 164 shows a summary of the blast vulner- 
ability of the susceptible subsystems in the 
various configurations of the LANCE missile 
system. 


16-6 
Reliability of LANCE II 
Vulnerability Estimate's 
II The source of the LANCE system dam- 
age data for the major items considered are: 
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Fig!Jre 18-9." '. ~NCE. Major Item Blast Vulnerability • 
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Table 16-4. _ 
Blast VulneraQility Smn~"iY. LANCE Missile System II 
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II 
HAWK WEAPON SYSTEM II 


16-7 
Dwca"'don of the HAWK 
w.... Sptem II 
. 
II The HAWK is a surface-to-air, supersonic 
air defense system, designed to detect and iden- 
tify airborne targets by means of radar. and to 
intercept and destroy those designated as hostile 


major 1 ems 0 
e 
system are: 
• 
HAWK Missile Body, shown in Figure 16-1. 
• Missile Loader, shown in Figure 16-10. 
• Missile Launcher. shown in Figure 16-10. 
• Assault Fire Command Console (AFCC) or 
Battery Control Central (BCC), shown in 
Figure 16-10. 


• 
Radar Units, including 
(I) Range-only 
Radar (ROR), shown in 
Figure 16-11. 
(2) Pulse Acquisition Radar (PAR), shown 
in Figure 16-11. 
(3) CW Acquisition Radar (CWAR). shown 
in Figure 16-11. 
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HAWK System. Auxiliary Components II 
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Table 16-5. IIIHAWK, Characteristics and Damage Levels fer System Componenu • 
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Vulnerability Levels for the 
HAWK Missile System II . 
.• Blast vulnerability levels for the compo- 
nents of th~ HAWK missile system are shown in 
Table 16-5. Based on these values, the sUscepti- 
bility levels of the HAWK missile system'during 
its various operational phases are estimated to be 
as follows: 
.- • Missile Parts in Containers at Ste»:tige Site 
(HAWK). 


• 
(4) CW WUJDination Radar (CWIR), shown 
in Fiaure 16-10. 
' 


_ 
Structurally, the missile body consists of 
four major sections: the warhead section; guid- 
ance components; rocket motor; and surface 
controls. 
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e blast vulnerability Of the principal 


con 19urations of the HAWKmissile system can 
be obtained from Table 16-5 and Figure 16-12; 
the figure includes curves from which pressure . 
levels for damage corresponding to various weap- 
on yields and ranges may be obtained. Table 
16-6 shows a summ.ary of the blast vulnerability 


of the susceptible subsystems in the various con- 
figurations of the HAWK missile system. 


16-9 
Reliability of HAWK 
Vulnerability Estimlltes II 
II The sources of the HAWK system dam- 
age data for the major items considered are: 


Tab!e 16-6. til Bl~~. Vulnerability Summary, HAWK Missile Svstem 11 
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Figure 16-12. II HAWK, Major Item Blast Vulnerability 
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_ 
SAMPLE PROBLEM: AIR BLAST 
DAMAGE TO A TACTICAL 
MISSILE SYSTEM III 


• 
The material presented above concerning 


the SERGEANT, LANCE, and HAWK weapon 
systems is used to estimate the blast vulner- 
ability of the Hl(tNEST JOHN weapon system as 
an ilIui;tration of the methods by which the vul- 
nerability data may be applied. 
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Description of the 
• 
HONEST JOHN System 
_ 
The 
HONEST JOHN 
is 
a 
762 nm, 


s~-to-surface, field artillery rocket designed 
to deliver warheads, weighing between 1,000 


and 1,500 pounds, at horizontal ranges up to 


a~out 26 miles. It uses solid propellant, and it 
foUows a ballistic tnjectory after ruing (no guid- 
ance). 


• 
The HONEST JOHN system is mobile by 
both ground and air transport. The principal 
units of the system are the foUowing: 
• Complete rocket. The rocket includes a 
warhead section, motor assembly, and fins, 
for which containers are provided (see Fig- 
ure 1&'13). 


• Launcher, 
truck-or 
trt~iler-mounted. 
Th!l 


launcher includes 
the 
launching 
beam 
assembly, eleVliting and traverse mechan- 
isms, and electrical controls (see Figures 
16-14 and 16-.15). 
• 
Other 
ground support equipment. 
A 
wrecker l 
transporter 
trailer, 
generator, 
motor and warhead cradles, and 
handling~ 


beam make up the ground support eqwp- 
ment (see Figure 16-16). 
~ 
II Table 16-7 lists the weight and size of 
the various HONEST JOHN components. The 
principal operational phases can be listed as 
follows: 
• Storage at Storage Site, 
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Figure 16-13. II HONEST JOHN, Major Components of Rocket til 
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Figure 16-15. II 
HONEST JOHN Rocket Launcher in Firing Position II 
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Figure HH6. II HONEST JOHN, Auxmarv Equipment II 
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Tobie 16-7. III Missile System Components - 
HONEST JOHN II 


Refer to 
Dimensions (in.) 
Item 
Figure 
(Weight (lbs» 
Remarks 


1. Missile Components (in containers) 


(a) 
Warhead sections 
144 x 50 x 45 
Plywood containers 
(2,500) 


(b) Guidance sections 
None 


(c) 
Rocket motor sectionsI 
235 x 44 x 38 
Plywood containers 
(d) Fins 
, 
(3,500) 


2. Missile Body (assembled) 


(a) 
Ready for launch 
13 
327 x 28 
(3,750) 


(b) In-flight (near target) 
13 
327 x 28 
Propellant burned 


(2,OOO) 


3. Transport Equipment 


(a) 
Semitrailers 
16 
315 x 97 x 48 
wlo missile 


(3,500) 


(b) Trucks (M543 or M62) 
16 
310 x 97 x 103 
(34,000) 


4. Launch Equipment 


(a) 
Lightweight launchers 
346 x 83 x 61 
wlo missile 
(4,375) 


(b) Self-propelled launchers 
]4, IS 
508 x 121 x lSI 
wlo missile 
(42,000) 


(c) 
loaders (handling unit on 
16 
310 x 97 x 210 
wlo missile 
M62· truck) 
(40,000) 


5. Auxiliary Ground Equipment 


(a) 
Firing unit assembly 
36 x 24 x 24 
(300) 


(by Sighting equipmsnt 
36 x 20 
(175) 


(c) 
Generator set 
16 
60 x 30 x 30 
On truck chassis 
(I,Boo) 
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Table l~B. _ 
Summary - 
HONEST JOHNII 


• Missiles in Transit to Firing Site (HONEST 
JOHN)•. 
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• 
Missiles 
in 
Containers at Storage 
Site 


II 
• Battalion Area Test and Repair, 


9 Transportation to Firing Site, 
• Emplacement and Prefue Preparations, 
• Flight. 
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Vulnerability Levels for HONEST 
. 
JOHN Missile System II 
_ 
Blast 
vulnerability 
levels for the 


~stem configurations of the HONEST 
JOHN missile 
tern are 
iven in Table 16-8. 
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The blast vulnerability of the principal 
configurations of the sample missile system 
(HONEST JOHN) are described in Table 16-8 
and Figure 16-17; the figure includes curves that 
allow the determination of pressure levels for 
damage corresponding to other weapon yields. 
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Figure 16-17. _ 
HONEST JOHN, Major Item Blast Vulnerability II 
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SECIlON II 
_ 
BLAST AND THERMAL 
VULNERABILITY OF IN-FLIGHT 
STRATEGIC SYSTEMS • 


_ 
INTRODUCTION 
• 
III Th~ blast and thermal damag~ to stra- 
tegic systems are considered together since blast 
and thermal effects are closely associated in the 
physics of a nuclear explosion and also because 
the damage mechanisms of these two effects 
tend to interact and. at times, complement each 
other. It should be noted that this section only 
treats 
damage to in-flight aerospace systems; 
blast and thermal damage to surface and under- 
ground installations characteristic of the ground 
support 
portions 
of 
a 
strategic 
systerTl 
are 
tf 
t d se arately in Chapter 11. 
Blast effects are important to in-flight 
s ra eglL; systems from sea level to altitudes of" 
approximately 
I00,000 
feet 
(about 
30 kilo- 
meters). When a nuclear explosion occurs in this 
altitude region. the blast wave is formed by con- 
ventional hydrodynamic processes as the fireball 
expands. The details of these processes depend 
on the yield of the weapon, the altitude of 
burst, and the weapon design (see Chapter 2). 
The 
latter 
consideration (weapon 
desiin) 
is 


•• 
']1,. 
becoming increasin 
im ortant as warheads are 


V>" ;} tailored 
to 
I' to 
ll:'t enhance speci 
pu . The 
mechanisms of blast wave formation are reas:>n- 
ably well understood from a theoretical view- 
point for nuclear bursts up to altitudes as high as 
50 kilometers but experimental verification is 
iacking (see paragrmphs 2-42 through 2-44). 
IV) 
Blast is important to in-flight strategic 
systems operating below about 100,000 feet, in 
terms of the following effects: 
• Overpressure (static or dynamic) crushing 
or bending of the primary structure. 
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• Gust (or deceleration) loading on primary 
and/or secondary (internal) structures. 
• Trajectory deviation (CEP degradation). 
• Alteration of aerodynamic stability. 
_The thermal radiation (excluding X-ray 
effects*) associated with a nuclear burst must be 
considered from two main aspects: 


• "Early" 
time 
thermal 
radiation 
emitted 
from· a distant source that is incident 011 
the missile surface; this radiation comes 
from 
the 
fireball 
and 
from 
the 
high- 
pressure shock front. 
• Missile "fly-thrOUgh" of the fireball region 
at "later" times, with the associated ther- 
mal radiation imposed on the body surface 
while it is inside the fireball region. 
• 
In addition to considering the effects of· 
blast and thermal radiation on in-flight strategic 
systems separately, 
the 
possible 
coupling of 
these two effects in producing damage to the 
system should be considered. The magnitude of 
possible coupling effects probably will depend 
on the details of the system design; general state- 
ments are not valid. 
_ 
The two major strategic systems of con- 
cern are defensive antimissile missiles (AMM), 
more commonly known as ABM, and offensive 
reentry vehicles (RY). Both systems respond to 
exposures to the environment produced by nu- 
clear explosions in similar manners, despite sig- 
nificant differences in their configurations (Fig- 
ure 16-18). The degree to which any system will 
respond depends on the flight characteristics of 
the specific vehicle involved, but, in general. 
there is considerable cverlap between RY's and 
ABM's with respect to their velocity at different 
altitudes within the atmosphere. A comparison 
of operational regimes is shown in Figure 16-19. 


~tion V. Chapter 9 for a discussion of X·ray effects 
on aerospace vehicles. 


o 
10,000 
20.000 


VELOCITY (ft/secl 


Figure 16-19. II ABM and RV Operating 
Envelope Cclmparison111 


to a gust loading or an additional aerodynamic 
loading that results from the particle velocity 
and the over-density behind the shock front that 
causes a jump in tne dynamic pressure. which 
causes an abrupt 
deceleration of the whole 
vehicle body. 
.. The extent of physical damage c.r struc- 
t~esponse from either pressure crushing or 
gust loading depends on the distance from the 
target to the burst point, the orientation of the 
target, the strength and duration of the blast 
wave, and the preblast flight loads imposed on 
the 
vehicle. These last loads depend on the 


speed, trajectory, and physical design character- 
istics of the vehicle. For an incoming reentry 
vehicle, the altitude of maximum deceleration 
from atmospheric drag depends on the ballistic 
coefficient, 
~. The ballistic coefficient is defined 
as p = W/CdA, where W is the vehicle mass. Cd is 
the drag coefficient, and A is the body reference 
area. As the ballistic coefficient is increased. the 
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Figure 1&18. II ABM and RV Configuration 


Comparison II 


• 
The tirst two categories of blast effects 
listed above, static and dynamic overpressure 
crushing (or bending) and gust (acceleration) 
loading can damage the system physically, i.e., 
the blast wave from a nuclear explosion at alti- 
tudes up to 100,000 feet can cause permanent 
structural deformation to reentry vehicles, inter- 
ceptor missiles, boosters, and aircraft. As the 
structure crosses the shock front, it is suddenly 
immersed in a "new," transient pressure field, 
hence, the term "pressure crushing." There is, of 
COUI'3e, a 
complica~ed shock interaction when 
the bo'w shock surrounding a supersonic vehicle 
intersects the shock front orthe blast wave. This 


interact~on mults in a high pressure transient 
("shock-oJHllDck" load) tJ'iat decays quickly to 
a quasi-steaq loading behind the front. The 
duration of this transient or "spike" can be 
quite short (tens of microseconds) compared to 
the response time of the vehicle. At the same 
time, the vehicle structure is suddenly SUbjected 
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- 
altitude at which the vehicle experiences maxi- 
mum deceleration is decreased. The high per- 
formance, thin, cone-shaped vehicles have very 
high ballistic coefficients. Figure 16-20 shows 
the various response regimes for an interceptor 
missile inclu ding structural, e.g., sheIl buckling 
and 
beam 
bending, 
rigid body, and thermal 


rillS 
onse. 
Rigid body response describes the gross 
woe 
body 
motion 
of an in-flight strategic 
vehicle that results from passing through the 
blast sphere and the fireball interior. It includes 
trajectory 
deviation 
(CEP degradation). aero- 


c:'namic stability changes, and the drag forces 
exerted on the overall vehicle; it should be noted 
that 
the deceleration forces imposed on the 
whole body also are transmitted. in a complex 
manner, 
to 
the 
internal 
components 
of the 
missile system. Trajectory deviation occurs when 
the blast wave deflects or displaces an in-flight 
vehicle from its preassigned (or benign environ- .. 


ment) trajectory" Since this trajectory alteration 
results f, m the direction of the blast winds 
behind the shock front, this type of rigid body 
response depends on the relative geometry of 
the 
target 
and the explosion. If the system 
misses the target by an unacceptably wide mar- 


• 


"n. it will not be effective. 
Passing through the hot fireball results in 
a 
al load on the system in addition to the 
thermal loads caused by the benign reentry heat- 
ing or the supersonic flight of an ABM. Conse- 
quently, the impact of the rotal environment of 
a high altitude nuclear burst must be examined. 
Figure 16-21 shows the nuclear encounter se- 
quence for RV and ABM systems. The loading 
and response of the vehicle at each point from 1 
through 6 is a function of the local environment. 
the physical characteristics of the vehicle. and its" 


f1~rofile. 
_ 
After the vehicle enters the blast sphere, 
it may traverse a region of density lower than 


STRUCTURAL 
RESPONSE 


~ 
BLAST SPHERE AT 
Y VEHICLE EXIT 


THERMAL 
RESPONSE 


RIGID-BODY 
RESPONSE 


STRUCTURAL. 
RESPONSE 


BLAST SPHERE AT 
VEHICLE ENTRANCE 


Figure 16-20.• Response Regimes for Interceptor MiSSile. 
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<D 


TYPICAL 
ABM 


TO INTERCEPT 


the 
reentry vehicle could increase its surviv- 
ability, it could, under some circumstances, also 
increase its vulnerability to blast. The maneuver- 
ing vehicle would experience more severe aero- 
dynamic preloads, to which the air blast induced 


• 


0 
ould be added. 
These maneuver load effects also can be 
Important for ADM systems. Since ABM's are 
required to maneuver within the atmosphere, 
control surfaces, which also are susceptible to 
damage from gust loading, are involved. For 
many situations, assuming a range of yields and 
warhead designs, spacing between interceptors is 
governed by 
blast fratricide. In a saturation 
attack, the stepdown firing doctrine for defense 
tactics depends directly on the hardness of the 
interceptor to all nuclear effects. Consequently, 
a complete description of the nuclear environ- 
ment is necessary to predict the effects of a nu- 
clear burst on in-flight strategic systems. With 
respect to the blast wave, the parameters of 
interest include overpressure, particle velocity, 
density and temperature, as a function of both 
time and distance. 


LAUNCH 
OF 
ABM~ 
_ 


Figure 16-21. II Nuclear Encounter and Event 
Sequence for RV and ABM 
_ 


RV 
.....::. 
IMPACT ..l::?T····t!> 
POINT__'-rt--- 


" 
B~T-INDUCED 
DISPERSION 


ambient before it exits the blast sphere. This 
may affect its flight stability, depending on the 
design characteristics, Le., static margin and rate 
of damping. Under some conditions, a reentry 
vehicle on a ballistic trajectory may tumble in 
this region and/or subsequently emerge from the 
blast sphere with a large flight angle 01 attack. 
which may cause severe structural loading and 
may result in serious damage. Even if tumbling 
does not occur, exit loads imposed on a vehicle 
at a large angle of attack sometimes could be 
greater than initial entrance loads. Also, since 
the RV may exit the blast sphere at a large angle 
of attack, loss of accuracy and increased disper- 
sion 
are likely. This is particularly true 
fo~ 


advanced systems that use,slender body config- 
urations whose drag coefficients are very sensi- 
tive to chanp in angle of attack. 


_ 
Man~ering reentry vehicles are being 
considered with a view toward avoiding a nu- 
clear encounter or reducing the exposure time 
by altering the usual ballistic trajectory on re- 
entry. However, while the maneuverability of 


- 
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_ 
The propagation of the blast wave from 
the point of burst downward through a non- 
homogeneous atmosphere must be considered. 
Atmospheric 
inhomogeneity 
is 
not a serious 
problem for small yields at moderate heights, 
although it does distort the blast sphere some- 
what. Blast wave inhomogeneity becomes more 
severe as the altitude of burst is raised above 
about 
100,000 feet: however. it is significant 
that at these higher altitudes, blast begins to be 
less severe as a damage mechanism than other 
competing effects. 


16·12 
Sources of Data II 


• 
The blast effects on early R V' s were 


expressed in terms of rigid body gust loading or 
"g" levels of deceleration. When these g loads 
were added to the normal "peaceful" reentry 
loads and 
~hen compared to design safety r"c- 
tors. it was found that the early RV designs were 
relatively soft and had large radii of blast vulner- 
ability that outreached over nuclear effects. At 
these "vulnerable" 
ranges. 
overpressure levels 
were so low that local crushing or beam bending 
., 
t a problem. 
As better theoretical models of the nu- 


e ear environment have been developed, blast 
loading and structural response calculations have 
become more sophisticated. Progress has been 
made. 
from 
the early engineering analysis of 
simple spring-mass models subjected to idealized 
loading, to more complex computer codes that 
handle rings and shells subjected to loads more' 
representative 
of 
the 
nuclear 
engagement. 
includi;lg local body pressures, Through the use 
of 6-degree-of-freedom trajectory eodes. the tra- 
jectory dispersions induced by the blast wave 
can be computed aa4 the tumbling within the 
blast sphere can be predicted using approximate 
values of environment levels. Theoretical anal- 
yses have been developed to treat the shock-on- 
shock interaction and these analyses have been 
confirmed at normal incidence by experiments. 
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~est techniques have been developed to deter- 


~roperties of materials at high strain rates. 
..Early programs 'to determine blast and 
thermal vulnerability of in-flight strategic vehi- 
cles include HARTS, SPINE, and ABM Vulner- 
ability and Hardening. These research programs 
were 
closely 
coordinated 
with 
the 
research 
requirements of systems designers. This coordi- 
nation is shown by the following list of the 
various cOl1figurations of research vehicles that 
have 
been 
studied and their counterparts in 
terms of military systems. 


Resear~h 
System 
Program 
Vehicle 
Application 


Air Force 
HARTS A 
~Iark 
I~ (RV) 


Air Force 
HARTS B 
Mark IlA (RVJ 


Army 
AIRS I 
SPRINT (ABM) 


Army 
AIRS II 
SPARTAN 
(AB~1) 


This correlation permits use of physical data and 
the aerodynamic coefficients obtained during 
the development of the specific systems. 


16·13 
Limitations in Application 
of the Data III 


_ 
Since vulnerability (or damage I assess- 


ment of an in-flight strategic vehick is such a 
strong function of the detailed characteristics of 
the specific vehicle, it is virtually impossible to 
devise a general method of \'ulnerability deter- 
mination that could be applied to any vehicle. 
Some of the parameters that i:nter the problem 
are the details of the design or the primary struc- 
ture of the vehicle (including all materials used. 
internal supports. field joint fixtures. etc.J, the 
design features of the internal components and 
how they are supported on the primary struc- 
ture, the detailed aerodynamic characteristics of 
the 
body and how it may fly (including the 
possible 
requirements 
for maneuvers). There- 


fore, it is obvious that an accurate definition of 


Table 16-3. II 
Range of Basic Parameters 
for HARTS II 1111 


possible to scale RV intercept loads and traversal 
phenomena in a manner similar to the blast 


• 


ameters. 
Figure 16-23 indicates that there are two 
Impo ant radii. First, the distance between the 
burst center and the vehicle at the time of 
detonation, denoted by RD, is significant for the 
comparison of prompt effects (e.g., neutrons, 
X-rays, etc,) as well as blast effects. Considera- 
tion of these RD values for various vehicle paths 
and orientations results in vulnerability enve- 
lopes 
referred 
to 
as 
burst 
time 
envelopes. 
Second, the distance between the burst center 
and the vehicle when the blast wave intercepts 
the vehicle, denoted by RB, results in envelopes 
referred to as intercept time envelopes. The 
reference time for which the envelope is CO\1- 
structed must be specified for each envelope. 
.. "Hardness Level" is a useful parameter 
~d constant when studying blast phenom- 
ena. Hardness level is defined as that axial load 


• 
the blast and. thermal v~lnt.rabiJity of a particu- 
lar in-flight strategic vepjcle requires a great de'al 
of analysis and the use of spe~ialized computa- 
tional models as well as experiments. Such anal- 
li 


es are beyond the scope of this manual. 
The foHowing discussion will attempt to 
exp a111, in general terms, the technical aspects 
of the problem that appear to have the most 
important influence on the determination of nu- 
clear weapon blast and thermal damage to in- 
flight strategic vehicles. The technical discussion 
will be presented under two main sections, one 
devoted to RV bodies and the other to ABM 
vehicles; some of the material appearing under 
the RV section will be applicable to the ABM 
and, where this is the case, it will be noted. 


- 
BLAST LOADING ON 
~RY (RV) SYSTEMS. 
.. The general 
approach used herein to 
=te the important factors related t9 the 
determination of blast and thermal vulnerability 
of reentry 
vehicles 
was generated 
primarily 
under 
the 
Hardening 
Technology 
Study 
(HARTS). 
The 
HARTS 
vehicles that 
were 
studied are shown in Figure 16-22. Configura- 
tion A is a blunted cone and Configuration B is a 
sphere-cone-cylinder-flare. The dimensions and 
the ballistic coefficients are shown in the figure. 
Table 16-9 lists the range of parameters that 
were used in the HARTS studies. The tenn 
"hardness level" will be explained below. 


16-14 
Enyironm~nt Scaling. 
~ The 
nomenclature 
used 
to 
describe 


R~st intercept conditiohs is shown schemat- 
ically in Figwe 16-23. The conditions pictured 
correspond to those 
wh~re the RV does not 
traverse the center of the burst fireball (..p =1= 0 
0 
). 
As described in Chapter 2, blast scaling has been 
used extensiveiy to predict air blast environ- 
ments. Since RV intercept loads and traversal 
phenomena depend on the blast parameters, it is 


Blast yield 


Intercept altitude 


Intercept angle (.p) 


Trajectory 


Hardness levels 
(axial acceleration 
for head-on intercept) 


Configurations 
(see Figure 16-22) 


30, 200. and 440 kt - 
blast environment 
from Hillendahl 
FIREBALL code 


30.000 to 100,000 ft 
o to 90 deg 


Minimum energy tra- 
jectories for 1.000, 
5,500. and 7,000 nm 
ranges 


200 to I,000 g 


A:' ~ = 2,150 Ib/ft2 


B: 
i3 = 680 Ibift2 
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NOTE: 
ALL DIMENSIONS 
IN INCHES 
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Figure 16-22. III HARTS Configuration • 
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Figure 16-23.II Blast 
l~tercePt Conditions Nomenclature __ 


- 
acceleration experienced by a vehicle intercept. 
ing a blast wave head on ('I) = 0°) at zero angle- 
of-attack (01 = 0). For a given yield, burst alti- 
tude. and configuration combination, the speci- 
fication of a blast intercept hardness level deter- 
milles the blast 1I'a1'e radills. This in tum deter- 
mines the blast frollt environment. Blast scaling 
laws indicate that these blast front conditions 
are identical to those at a different yield and 
radius where the new rac:!ius is equal to the old 
radius multiplied by the cube root of the ratio 
of the yields. For example: 


cpnstant hardness levels for varying altitude are 
II 


w 
in Figure 16-25. 
The hardness level, position-time rela- 
tions ips are defined in a manner that data for 
any Yield can be derived over the given range of 
hardness levels and burst altitudes. System anal- 
ysis parameters such as slant range SR.. lead dis- 
tance LD, 
and offset distance OD. 
from the 
blirst at time of explosion also I.:an be derived 
simply. 
Fo~ a given hardness level and burst alti- 
tude one RS and T1 combination exists. For 
specified yield. 


RB 
RS Wl13 (ft) 


j);"'J)J 


(:-r-)(~) 


: 
'. 
..... 
" 
"-.. '.!. 
. 
. .. ' 
. 
. 
\ 
. 


LD "" RB cos 'I) + Vt l , 


OD = RB sin .p, 


Referring to Figure 16-23. the folbwing spacing 
relationships are apparent. 


where RS is known as the scaled intercept radi- 
us. Values of scale radius. RS. at constant hard- 
ness level for varying altitude are shown in Fig- 
ure 16-24. A similar presentation of scale time 
of blast intercept can be made. since time and 
radius are proportional. Thus, in general, 
where 
V is the R V velocity, and the other 


_ 
defined in Figure 16-23. 
Determination of iead distance is 
illustrate 
In Problem 16·1. The variation of 
where (I is the time after burst to intercept and 
hardness level with altitude and slant range is 
T1is the scaled time. Values of scaled time, TI , for 
shown in Figure 16-2 


where RB1 and RB l are the blast intercept radii 
for yields of W2 and It'l' respectively, and in 
general, 


RS = RB/WI13 (ft(kt I13 ), 
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• ~" 
' .' :. 
r 


'" 
'.",..,' .' ;'; 
. 


Probiem 16-1. 
Calculation of Hardness Level 
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Answer: If the RV is more than_ 
away from the specified explosion at.~ 
burst, it will not be damaged by blast. 
• 


" 
" 
''', 


• • 
".' 
"'~'" 
•~. r' 
, 
.:. 


.. 
'. 
~ 
"'l 


_Figures 16-24 and l6~25 show the scaled 
bL-\st radius and scaled time of blast interceFt, 
respectively, for a ConfiguratiOn A vehicle on a 
5,500 nautical mile flight path as Q function of 
burst 
altitude 
for 
various 
haroness 
levels. t. 
Various system parameters may be determined 
from Figures 16-24 and 16-25 as discussed in 
. . 


a 
a 
16-14. 
II 
Example 
'en: A HARTS Configuration A vehicle 
(Figure 16-22) is on a 5,500 nm trajectory. The 
RV hardness level is 500 g. 
Find: The slant range at which the RV 
would experience a head on (..p =0°) load equal 
to its hardness level if it were exposed to the 
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Figure 16-24.11 Scaled Blast Wave Radius for Constant Hardness Level 
for Configuration A. 5.500 nm Range _ 
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Figure 16-25. II Scaled Time of Blast Intercept for Constant Hardness Level 
for Configuration A, 5,500 nm Range III 
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16-15 
Ger*iII Intercept Loads 
: 


and load Duration II 


• 
The aerodynamic loading on hypersonic 
reen ry vehicles can be divided into two general 
categories: steady state loading and transient 
loading. Steady state loading occurs when the 
preSSLire, density, particle velocity, and tempera- 
ture do not change with time. Transient loading 
occurs when 
there 
is a time change in the 


• 


. onment sU;Tounding the reentry body. 
The vehicle 
experiences a continuing 
c ange in environment during normal reentry. 
However, since this change is relatively slow, 
steady 
state 
drag 
loading 
p.-ovides 
a 
good 
approximation for normal reentry conditions, 
For any type of flow over a body, the local 
pressure at any poiilt on the surface can be 
found from the relation: 


where 
Pb = pressure at some 
point on the body 
surface, 
Pc 
free stream ambient pressure, 
q = free stream dynamic pressure. 
cp 
local pressure coefficient. 
Classic 
Newtonian 
impact 
theory 
provides a 
simple closed-form solution for the local pres- 
sure coefficient. cp ' For steady state, hypersonic 
flow (above Madi 5) this theory prOVides ade- 
quate 
loading predictions. 
For any body of 
revolution the Newtonian theory predicts: 


Cp = 2(cos a sin 6 - sin' <X cos 5 sin Pr )2. 


where 


<X = angle- between the veqicJe longitudinal 
axis and the relative wind vector, 


o ;;;; vehicle semivertex .angle, 


{3r = rotational angle about axis of reentry 
vehicle. 


• 


A vehicle experiences axial and laterQ! 


ecelerations and local pressure loading during 
normal reentry. The amount of deceleration and 
local pressure depends on the vehicle reentry 
angle, velocity, sha::>e. weight. and altitude, Fig- 
ures i 6-27 through 16-29 show some nominal 
reentry trajectories. These graphs only include 
the combinations of reentry velocity and reentry 
angie that correspond to a ballistic missile having 
a nominal 
range 
of 5.500 nm. The reemry 


vehicle is characterized by the ballistic coef!'i- 
cient, which is varied over a range of values 
typical for reentry vehicle designs. Calculations 
for the parameters (velocity. altitude, and time) 
of the reentry trajectories were begun at an alti- 
tude of 400,000 feet, since this altitud.e is well 
above that of appreciable aerodynamic forces 
for the reentry vehicles considered. The reentry 
angles measured from the local horizontal at 
400,000 feet were chosen arbitrarily as 20 and 
30 degrees. The corresponding reentry velocities 
at 400,000 feet were determined from the basic 
equation for vacuum ballistic trajectories. The 
ballistic coefficients vary from 800 to 2.500 
Ib/ft2 . Below 100.000 feet the angle of attack is 
largely damped out, and the lateral force is very 
small. 
~ The 
hardness 
level 
curves 
in 
Figure 
~represent one value on the intercept/load 
matrix of axial rigid body loads, GA' for z.ero 


bla~t intercept angle (.p = 0 
0 
). It was determined 
that, at constant hardness level, the blast front 
environments for varying yields are essentially 
identical. The last variable to be accounted for 
in intercept loads is blast intercept angle. At 
constant hardness level and altitude, the inter- 
cept angle is the only factor t;lat can affect 
intercept loads by changing the angle between 
the blast wind vector and the vehicle velocity 
vector, thereby causing a blast induced angle of 
attack at blast intercept. 
(U) 
Blast yield scaling also can be applied to 
the scaling of intercept load duration, fireball 
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Figure 16-27.111 Normal Reentry Trajectory; Initial Altitude = 400,000 ft. 
Initial Velocity (Vi) '" 23.900 ft/sec, Initial Flight'Path Angle" 20 
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Figur.:.1&29.1I 
Normal Reentry Trajectory; Initial Altitude'" 400,000 ft, 


IMfaI VelocIty IV.) '" 24,000 ft/sec, Initial Flight·Path Angle" 30°, 


Ballistic Coefficient ~ = W/CdA lb/tt2 11 
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• 
traversal time; and total traversal time. Time and 
radial distanEa- are scaled with the cube root of 
the 
yield. 
Interior blast 
phenomena can 
be 
assumed to scale with the cube root of the yield 
to obtain reduced radius or time. At any point 
in time the blast can be imagined to have a size 
of unity for 1 kt. The blast size for larger yields 
is unity times the cube root of yield in kilotons, 
on a rt>lative basis. Since blast loading duration 
depends on the blast size, which can be scaled, 
the loading duration also can be scaled. 


16-16 
Intercept Load Duration 
• 
.. Intercept loads are a function of hard- 
~vel, blast intercept angle. and blast alti- 
tude. The duration of the load is necessary to 
describe the intercept loading phase adequately. 


Und~r most conditions. the intercept loading 
history can be approximated by a triangular 
shaped pulse, i.e.. intercept impulse is essentiaHy 
one-half the maximum load multiplied by the 
duration time. 


The illtercept load time constant. ~tILP' is 


where t 10<;< is the point at which the intercept 
load decays to 10 percent of its maximum value. 
The scaled intercept load duration time, T1L p' is 


- 
Scaled intercept load duration times for 


a~le~s level of 500 g are shown in Figure 
16-30 for various intercept angles and altitudes. 
The intercept load duration times 2nd intercept 
loads provide a usable set of data for estimating 


the intercept load impulse. The duration times 
apply to axial, normal, or total resultant loads. 
In general, 


and any load impulse is 


where II and G1 represent any intercept load 
impulse and maximum load, respectively. 


16-17 
Fireball Traversal Time" 
.. The time at which the intercept load has 
~ed to 10 percent of its maximum. value 
(end of the intercept load pulse) correspond3 
approximately to the time when the vehicle 
enters the fireball (temperature "" 10.000 to 
15,000° R). For practical considerations, the end 
of the intercept load pulse and initial fireball 
immersion can be considered as the same time. 
The time of fireball traversal is 


where tE F B is the time of exiting the fireball. 
and the scaled time of fireball traversal is 


T 
= 
~t 
/W I13 sec/kt l/3 
FB 
FB 
. 


Scaled fireball traversal time for a hardness level 
of 500 g is shown in Figure 16-31 for various 
intercept ar.gles and altitudes. The time of exit- 
ing the fireball, 
t E F B' is that time during the 
exit phase when increasing dynamic pressure 
reaches the ambient level at the blast altitude. 
This time also is approximately when the tem- 
perature level drops below 10,000 to 15.000 
0 R. 
It should be noted that the point during entry at 
which the decreasing dynamic pressure reaches 
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Went level is about the same as the point of 
10 percent load. 


16-18 
Total Traverr,al TimeIII 
11 Total blast traversal time is 


~tt = t[ 
- 
t I sec, 


where t [ 
is the time of exit from the blast wave 
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~hel1, and as before, t j is the time of intercept. 
The scaled time of blast traversal is 


Scaled total blast traversal time for a hardness 
level of 500 g is shown in Figure 16-32 for 
various intercept angles and altitudes. 
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Problem 16-2. 
Calculatiol'l- of Load Characteristics, Firebl,J1I 


Traversal Time and Total Traversal Time 
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-.a:igUreS 16-30 through 16-3:2 provide the 
~tion necessary to calculate the load char- 
acteristics, the fireball traversal time, and the 
total blast traversal time for a vehicle similar to 
Configuration A with a hardness level of 500 g 
that enters the blast front at various intercept 
-. 


nles. 


Example .: 


Il'ell: An R V similar in design to HARTS 
Configuration A (see Figure 16-22) with a hard- 
ness level of 500 g that is traveling on a 5,500 
nm trajectory. 
Find: 
The intercept load characteristics. 
and traversal times if the R V is ex osed 
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Figure 16-30. Scaled Intercept Load Duration Time. 
500 9 Hardness, Configuration A • 
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16-19 
Exit.;loads II 


_ 
Intercept load, intercept load duration. 


~I traversal time, and total traversal time 
are functions of hardness level, blast intercept 
angle. and blast altitude (on a scaled basis). Exit 
loads also depend on blast yield as well as the 
fu nctions 
listed 
above. 
This 
precludes 
any 
universal scaling of exit loading: however, the 
following are generally true of exit loading con- 
ditions: 
• The probability of obtaining higher exit 
than intercept loads is very low for vehicles 
similar to Conliguration A. 
• 
Exit loads decrease with decreasing inter- 
cept hardness level. 


16-20 
Blast Data Generalization III 
• 
The data summarized in the preceding 
paragraphs were generated for Configuration A 
with a 5,500 nautical 
mile 
range 
minimum 
energy trajectory. Loading and duration scaling 
procedures applicable to the blast problem were 
demonstrated for this case. These specific data 
are I/U t directly applicable [0 allY configuration- 
range combination. However, by some simple 
relationships and approximations. the data can 
be 
a pplied 
to 
different 
configurations 
and 
li 


n es. or combinations of both, within limits. 
COl/figuratiol1 Variations. For other con- 
19urations. assume that the Ilelocity. flight path 


Ct-· 


angle. alld inrercept conditions at the same blast 
altitude are idelltical. With these constraints. the 
intercept loads become a function of ballistic 
coefficient and 
lift characteristics. 
For axial 
loads, 


and .for Ilormalloads, 


GN1 I 
GNI 2 
where 


The term 130 is defined as the normal force ballis- 
tic coefficient. 


16-21 
Typical RV AerOdynamics. 


• 
A body that is moving along a reentry 
trajectory at hypersonic velocities has a flow 
field associated with it. The flow field is com- 
posed of the following mc:in regions or charac- 
teristics (see Figure 16-33): stagllation point, 


TR"II..ING 
SHOCK 


VISCOUS~ 


Figure 16-33.•FIOW Pattern Around an Axisymmetric Blunt·Nosed Body 111 
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III 
~.. 


shock layer, boundary layer, expansion shocks. 
pressure and densitl/ contours, wake, etc. The 
details of these flow regions are a strong func- 
tion of the body shape. its velocity, and the 
properties of the air (i.e., altitude) through 
which the body is moving. Consequently, the 
flow field associated with even a single body is 
constantly changing during the reentry process. 
_ 
Figure 16-34 shows the pressure distribu- 
tIOn (111 terms of pressure ratio) over the surface 
of a body similar to a HARTS Configuration B 
vehicle as a function 
0 f vehicle velocity. The 
pressure ra tio is (Pb - P)/p. where Pb is the local 
pressure at any point along the surface and P is 
the ambient pressure. The overpressure (Pb - Po) 
are shown for sea level conditions (Po 
is the 
ambient pressure at sea level) to provide some 
idea of the overpressures involved. It is evident 
that the overpressures near the stagnation region 
exceed all other pressures by a wide margin for 
this blunt body. It should be pointed out that 
these pressures do not take account of boundary 
layer perturbations. but the calculated pressures 
are indicative of actual flow field conditions: the 
overpressures 
associated with 
the 
flow 
field 
shock frollt are slightly higher than pressures on 
the surface. The curves in Figure 16-34 may be 
used to interpret the flow fields at altitude. For 
instance, 
the ambient pressure at 50 kilofee:t 


is aboLlt one-tenth that at sea level. Thus, a 
vehicle at 50 kilofeet traveling at Mach 10 would 
have an overpressure on the flare of about 12 
psi (i.e., 110/1 0) and stagnation value in excess 
of 150 psi. If the vehicle. were traveling at Mach 
20. the flare overpressure would be about 41 
W 


i (410/10). 
• 


Another 
I,pical 
reentry 
flow 
field, 
w Ie 1 gives the p~e ratio distribution over a 
body similar to _ 
HARTS Configuration A 
(i.e.. 
cone-sphere shape), is shown in Figure 
16-35. Figures 16-34 and 16-35 emphasize the 
differences caused by body shape. Depending on 
the bluntness of the nose section, there is a very 
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S:.ITIali region over which high stagnation pres- 
sures exist. The pressures are virtually constant 
over the conical section. Figure 16-36 also shows 
sea level overpressure values for reference: the 
overpressures shown indicate that at altitudes 
near 50 kilofeet with the body traveling at Mach 
20. the overpressure at the surface of the cone 
section is about 32 psi. 


16-22 
Initial Interaction of Vehicle 
Flow- Field and Blast Wave 
(Shock-Shock) III 


• 
When the reentry vehicle bow wave and 
the blast wave contact each other a region of 
high pressure is generated. This region is charac- 
terized by a value of pressure that is larger than 
the value of pressure associated with either 
shock wave before the interaction. The HARTS 
results can be summarized by referring to a 
representative figure. 
Figure 
16-36 shows the 
variation of maximum overpressure ratio (shock- 
shock maximum overpressure divided by quasi- 
steady maximum overpressure, after interaction) 
and duration with the nose surface angle for a 
hemispherical nose at typical intercept condi- 
tions (Moo = IS to 22 and JIB :: 5 to 8) as:;uming 


'Y = 1.4. The general conclusion to be drawn 
from the upper curve of Figure:; 16-36 is that 
the shock-shock interaction peak overpressure 
will not exceed a factor of two larger than the 
quasi-steady 
overpressure 
(after 
interaction). 
Also, the lower curve on Figure 16-36 indicates 
that the duration of the shock-shock interaction 
is extremely short; as an example, if TV)R is 
0.2, then T = 1 /lsec (10.6 sec) for Vy =20,000 
ft/sec and R = 0.1 ft. However, it is evident that 
for the same nose radius (R), the value of T in- 
creases as the vehicle speed (Vy ) decreases. 


16-23 
Damage Envelopes • 
,.. The culmination or end result of loading 
~esponse 
calculations 
is 
the 
damage 
envelope. The damage envelope defines a volume 
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Steady State Flow Field Surface Pressures, 
Sphere-Cane·Flare Body II 
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Figure 16-35. 
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"'~teadY State Flow Field Surface Pressures, 
~ne Sphere Body • 
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• 
within which a burst of specific yield will cause 
determine another point on the LO£, pick all- 
axial or lateral forces greater than those for 
other radius of intercept and find a distance 
which the vehicle was designed. This envelope is 
X' C such that (t~ - t~ ) = (r~ - to)' Determination 
required as part of the 
i~~rative processes in 
of several points, both above and below the 


which 
tradeoffs 
involving 
weight 
penalties. 
reference trajectory, wiil define the LO£. 
yields. 
target 
damage 
criteria, 
defense capa- 
• 
The next step in defining the damage 


bilities, dispersion and booster capabilities must 
enve 
pe is to determine locations. with relation 
be considered. Two basic steps in determining 
to the burst, at which the reentry vehicle would 
the damage envelopes for an R V are: construc- 
suffer lateral and axial forces equal to th~ design 
tion of the Locus of Escape (LOE); and location 
loads. Sufficient locations must be selected and 
of points, relative to burst point, where the R V 
g loads calculated for each point so that iso-g 


• 


'ected to forces equal to design loads. 
contours can 
be constructed. Correlation of 
The 
nomenclature 
defined 
by 
Figure 
design loads with these iso-g contours defines 
-... 
will be used for simplicity and clarity. In 
the damage envelope. In this case, a g level is 
this blast-intercept configuration, point A is the 
specified as the damage criterion. 
position of the R V at time of detonation; B is 
(U) 
Figure 16-38 is a qualitative example 
the point of intercept of the R V and the blast 
that shows the LOE and the lateral and axial 
sphere; OD is the distance of closest approach of 
iso-g 
contours. This figure 
is oriented with- 


the R V to the burst center. The distance LD is 
respect to a reference trajectory, Figure 
16-3~ 


called the lead distance, and RB is the radius of 
shows the relation between Figure 16-J8 and a 


W 
· 
ept. 
. .'f!ISituation. 


A reference trajectory is introduced to' 
It must be realized that the g loadings 
e me a new coordinate system. This trajectory, 
descn ed in the above examples are those ex- 
which is one axis of the new coordinate system. 
perienced by a rigid body vehicle. Since the 
is parallel to the R V trajectory and intersects the 
forces are applied dynamically, dynamic ampliii- 


burst point (0) (see Figure 16-23). With the 
cation factors 
must 
be considered, Displace- 
center of this coordinate system at 0, the other 
ments that result from dynamic loading can be 
axis is perpendicular to the reference trajectory, 
greater than those that result from static load- 
This coordinate system locates the position of 
ing. Thus, the effective force experienced by the 
the vehicle at the time of detonation relative to 
warhead or 
oth,~r internal components may be 
the reference trajectOry'@OehantherigicibOdyg.S. 


• 
The following procedure is used to con- 
It should also be noted that the response 
S rue 
the locus of escape (LOE). 
The LOE 
a 
reentry vehicles depends not only on peak 
defines a volume, outside of which the reentry 
values of the force, but also on the rate of ap- 
vehicle will not intercept'the blast shock wave. 
plication and the rate of decay of the force. Hav- 
Figure 16·37 illustrates a situation from which 
ing sustained the peak value of the force. which 
one point on the -1;0£ is defined. During the 
occurs at the shock front, the reentry vehicle 


time interval (tc - t~tt.~ shock front expands to 
suffers lesser forces and pressures as it penetrates 
point C. During t_time interval (Ie - t ~) the 
the blast sphere. Complete and accurate defini- 
vehicle travels from point X to point C where it 
tion 
of the 
damage envelope 
must include 
in tersects the shock front. If (Ie • t x) = (tc - to)' 
responses during the entire force-pressure time 
X is a point on the LOE. The distance XC is the 
history. This will be discllssed further in connec- 
lead distance, while DC is the cross range. To 
tion with the structural response analyses of 
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Figure 15-37. 11 Determination of Locus of Escape. 
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Figure 16-39. II In-Flight Intercept _ 
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• 
vehicles (paragraph 16-32). It is evident 
that damage criteria other than rigid body g 
levels can be specified to define the damage 
envelope for a vehicle. 
111II 
RESULTS OF SOME RV 
BLAST AND THERMAL LOAD AND 
VULNERABILITY CALCULATIONS II 


_ 
As pointed out in paragraph 16-i3, it is 
Impossible to condense the determination of 
blast and thermal vulnerability into a generalized 
methodology 
suit.able 
for hand computation. 
The computations are associated too intimately 
with the design details of the particular R V of 
interest. In order to provide the users of this 
manual with some understanding of the proced- 
ures 
involved 
in 
such 
computations, 
some 
typical calculations are described in the follow- 
ing paragraphs. 


16-24 
Blast Loads on the RV II 
_ 
Assume that a reentry vehicle is 
~urvive 200 cal/cm 


incident 
Ironmen . 


e In ormation desired is whether or not the 


R r will be 
vuln~rable to blast and/or thermal 
effects at Jny point along the trajectory. The 
sample vehicle is assumed to have the following 
parame ters. 
• !t is a 6 
0 sphere cone configuration. 
• The ballistic coefficient is {3 = 1,000 Ib/ft1 . 
• 
Reentry altitude ;: 400,000 feet. 
• 
Reentry angle = -35 
0 
• 
• 
Reentry velocity = 17.,000 ft/sec. 
Two questions are examined sepflrately to ob- 
tJin the desired information, 


a What blast load (axial and lateral accelera- 
tions) accompanies 200 cal/cm2 incident 
X-ray exposure at the altitudes of interest 
from the standpoint of blast? 
• 
\Vhat are the minimum axial and lateral 
rigid 
body 
accelerations that will allow 
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blast survival through all 
altitud~s for s~pa­ 


ration distances equal to the vacuum sepa- 
ration distance for 200 callem! 
incident 
X-ray 
the minimum separa- 
tion d 
g 
pheric f1ight)'l 


- 
Figure 16-40 shows the results of cal- 
~f the axial and lateral rigid body g 
loads as a function of 
int~rcept 
altitud~ tha t 
WOUld result when the R V is initially 
s~parated 


from.....burst so as not to receive more 
than ~m2 X-ray energy incident on the 
vehicle. The vacuum separation distance for rltis 
X-ray level is about I 1.000 feet (Chapter 4), and 
if the vehicle maintains that separation between 
altitudes of 40 and 100 kilofeet it will attain 
maximum g loads at an altitude of 40 kilofeet. 
The axial load at this altitude is 230 g's and the 
lateral load is 280 g's. At intercept altitudes less 
than 40 kilofeet. the rigid body 10aJs will be less 
for the same separation distance. 
'WI The axial and lateral loads that would 
be sust311led if the separation distance is such 
that" 
cal/cm2 
-ray energy 
wer~ deposited 
from 
veapon are also shown in 
Figure 
he approximate distances are 


shown as a function of intercept altitude in 
Fioure 16-41. 
WiiiiIii Figure 
16-41 shows near maximum 
~n distance as a function of int~rc~pt 
altitude for the 230 g axial load and the 280 g 
lateral load. The approximat~ 200 cal/cm:! sepa- 
ration distances also are ~ction of 
intercept altitude for th~veapon. 
-.s Th~ maximum separation distances for 
~al loads were obtained for the near head 
on in terception of the R V by the blast wave. 
The maximum distances for the lateral loads 
were obtained from the near side on intercep- 
tion. Le., 65 to 70° measured from the nose of 
the vehicle. 
...The incident blast overpressures required 
~ce the g loads are shown in Figure 16-42 
for the '230 g axial and 280 g lateral loads of 


YNf'. 
(JX;;) 


PAj&S 
)t.-/.7 th..-c.I<f'-' 
\L~ b'1 
j>_LliTW. 
"])AJA (f.·X3) 


III 
Figure 16-41. At 40 kilofeet intercept altitude. a 
minimum overpressure of 22 psi is required to 
attain the 230 g axial load. The overpressure 
required to attain 280 g's laterally is 18.5 psi at 
40 
kilofeet, 
and 
a minimum of 13.5 psi is 
re uired above 90 kilofeet altitude. 
Figure 16-43 shows the curves of g 
loa 
as a 
unction of maximum separation dis- 
tance for a 40 ki ofeet altitude intercept by a 
blast wave from 
weapon. It should be 


noted. from this 
19ure, that extremely large 
separation distances are indicated if the lateral 
hardening of an R V is less ~O g's. For 
yields less than or greater than_ this sep~- 
~nge 
changes 
approxImately 
as 
-.-. 
The approximate nature of this 
ratio results from the change in the velocity of 
the vehiCle between the points of initial separa- 
tion and interception. 


~ased on this brief examination of 
~-of calculation of blast Vulnerability, 
the main conclusion is that rigid body loads of 
280 g's axially and 230 g's laterally are com- 
patible with the 200 cal/cm2 X-ray hardening of 
the R V Moreover. if the R Jf rigid body response 
hardness level falls short of these g levels, the 
blast 
effects 
may 
predominate 
as a damage 
mechanism. More spp.cific trajectoryIblast cases 
must 
be studied to 
~!ett'rmine the required g 
loading criteria for balance with a 200 cal/cm 2 


X-ray criterion. 


16-25 
Thermal Radiation Loads 
on the RV III . 
_ 
A 
sample 
investigation 
has been 
~e free field thermal radiation incident 
on the same R V described in paragraph 16-24 as 
it 
flies through a nuclear burst in the lower 


atmosphere. The basic trajectory considered in 
this study had a reentry velocity 17,000 ft/sec 
and a flight path angle of _35 
0 
• In addition, a 
limited study was performed for a 19,200 frlsec/ 
-75° 
trajectory. Thermal radiation heat loads 
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re computed for head on intercep.ts o~ 
burst at 40-, 60-, 80-.• 
n 
Oo-kllofe~t~ 


a titudes. Burst yields 0 
an 
were 


also considered at the 60 kl 0 eetalt' 
.. The 
thermal 
radiation heat flux 
pro· 
~ by a nuclear burst can be obtained as a 
function of distance, direction and time from 
the 
radiation/hydrodynamic 
calculations 
of 
Hillendahl that were used to describe the ther- 
mal sou.rce in Chapter 3 together with the appro- 
priate form factors. These are free field thermal 
radiation data and do not include any interac- 
tion between the vehicle and the radiation fidd. 
Le., the possible attenuation of radiation result- 
ing from an opaque layer of vaporized heat 
shield material in the flow field surrounding the 
vehicle was not included (see paragraph 16-31 
for a discussion of these "blockil,\g" effects). 
The total free field heat load to the stagnation 
point, cone, and 
base region of the R V was 
determined by integrating the heat !lux as a 
function of time after detonation, assuming a 
straight line, constant velocity trajectory in the 
vicinity of the burst. 
WI The total radiation heat load for this 


example 
is shown 
in Figures 
16-44 through 


16-46 as a function of the initial slant r:mge of 
th..: vehicle, burst altitude, burst yield. and tra- 
jectory. For initial slant ranges less than about 3 
to 5 kilofeet, the heat load is very large 05.000 
Btu/ftz) and is essentially independent of loca- 
tion on the vehicle. For a fixed burst yield and 
initial slant range, the heat load decreases with 
increasing altitude; conversely. for a fixed burst 
altitude and initial slant range. the heat load 
increases with increasing yield. Finally, a higher 
velocity trajectory increases the heat load for a 
fixed 
ield and altitude. 
The thermal data shown in Figures 
16-44 tough 16-46 could be used in conjunc- 
tion with the blast data of paragraph 16-24 to 
determine the total radiation heat loading as a 
function of blast loading (rigid body axial load 
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Figure 16.44.~Thermal Radiation Heat Load on the Cone as 


a Function of Initial Slant Range for 
Several Burst Altitudes _ 
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Figure 16-45._ Thermal Radiation Heat Load on the Cone as 
a Function of Initial Slant Range for 
Several Burst Yields • 
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Figure 16-46._Thermal 
Radiation Heat Load 
a Function of Initial 
Slant~r 


Severai Trajectories _ 


on the Cone as 
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where it has been assumed that the temperature 
is uniform across the thin ablator skin and that 
heat losses are negligible compared to heat in- 
puts. In general, considerable caution must be 
exercised in employing the thin skin-bulk tem- 
lji 


rature method. 
The 
thermal radiation heat flux pro- 
uce 
by the nuclear burst was obtained as 
described in paragraph 16-25. The thermal radia- 
tion heat load incident on the vehicle was deter- 


+ a 
Qradiation = 


on an electronic computer using the results of 
de ta iled 
radiation/hydrodynamic 
calculalions 
corresponding to the nuclear device and burst 
altitude of interest. 


• 
The vehicle reentry conditions used for 
t 11 
culation are as follows: 
• Case I 
a. Reentry velocity = 17,000 ft/sec 
b. Reentry angle = -35° 
e· Case 2 
a. Reentry velocity = 19,200 ft/sec 
b. 'Reentry angle =-75° 


• 
The temperature of the heat shield can 


be an important factor in determining the struc- 
tural response of the R V to blast induced load- 
ing because of the possible temperature depen- 
dence of some of the structural properties, e.g., 
elastic modulus and yield stress, at elevated tem- 
peratures. For the study discussed here. predic- 
tions of 
the 
heat 
shield 
bulk 
temperature 
accounted for ascent heating, normal reentry 
heating to the burst altitude, and thermal radia- 
tion heating from the nuclear burst. The bulk 
temperature is symbolically related to the heat 
loads by 


16-26 
Description of a Blast/Thermal 
Vulnerability Determination " 


• 
This paragraph continues the descnption 
o 
sample computations that were described 
in parc:.~aphs 16·24 and 16-25. The determina- 
don of the sample R V to blast and thermal 
effects produced by a nuclear weapon burst is 
lI 


escri ed below. 
The blast vulnerability analysis of the 


IS made under the following assumptions: 
• 
6° 
sphere cone 
vehicle 
with 
a ballistic 
coefficient of 1,000 lb/ft! (assumed con- 
stant for nonnal reentry). 
• 
Point mass-zero lift trajectories were used 
in the computations. 
• 
Reentry altitude =400.000 ft. 


~he blast model used in the computa- 
tIons IS considered to be an upper bound to a 
conventional 
weapon 
blast output. 
Modified 
Sachs' scaling (see paragraph 2-14) was used in 
conjunction 
with 
curve 
fits 
to 
radius-time- 
overpressure data. The other peak blast param- 
eters, such as density and "Particle velocity. are 
Rankine-Hugoniot 
values 
consistent 
with the 
scaled overpressures. The environment to which 
the vehicle is exposed in the interior of the 
shock front was simulated by assuming constant 
vehicle velocity during fly through and Sach's 
scaling curve 
fits to the interior profiles. It 
should be noted that, in actual practice. vehicle 
fly through loading calculations are performed 


~ 


_ 
As a p"ticul" ",mpk, tho'" dOl' 


show that, for a 350 kt burst at 40 kilofeet and 
the 17,000 ft/sec/.35° trajectory. the radiation 
heat load on the cone associated with a 200 g, 
head on intercept condition is only 530 Btu/ft 2• 
whereas for a 300 g intercept condition it is 
5,400 Btu/fi2 . This particular example indicates 
that a 50 perce.,t increase in blast hardness (as 
measured by the ng.i,d body g criteria) produces 
al: 
order of 
magnitude 
larger 
thermal 
environmen1. 
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min~d by 
num~rically int~grating the nux. as a 
function of tim~ aft~r detonation. assuming con- 
stant 
vehicle velocity at that altitude and no 


vehid~ spin, It should 
b~ noted that. aside from 


th.: 
inher~nt 
L1ncatainti~s in 
th~ free fkld ther- 
mal radiation data. there are additional 
unc~r­ 
tainties 
in 
determining what 
fraction of 
th~ 
incident thermal radiation is 
~ 'tually absorbed 


by the abbtive surface during the fireball tly 
through, This is due to a lack of knowledge of 
the spectral absorptivity of the vehicle surface 
under these conditions and of the possible atten- 
uation of radiation as a result of an opaque layer 
of vaporized heut shidd material in the flow 
field surrounding the vdlide. 
_Two basi.: methods of stmctural analysis 
were employed for this sample calculation. The 
first me thod involves the applica tioll of a finite 
length. 
d.lstic 
cylinder 
r~spol15e solution 
to 


d~terll1ine the dyn;lmic shdl stresses resulting 
from 
head 
011 intercept loadings. The second 


method. which was applied to the side on int.:r- 
cept. imolved 
the evaluation of the dynamic 


response of a lumped parameter. free free beam 
model 
subj~.:t,:d to transient blast loadings. In 


actuJI 
prJC'ti.:~. th ... analysis of the structural 


r~sponsc of RI' configurations should employ 
much more sophisticated and complex methods. 
The description or these relatively simple meth- 
ods is included to indicate to the user the gen- 


• 


' 
analytical methods that could be used. 
Th... results of theSe two methods of 


struclur:.t1 analysis depend on assumptions made 
concerning the blast an,d thermal environment 
that the R V encounters. In this calculation. the 
transient aerodynamic loading was developed by 
using Newtonian theory for pressure magnitudes 
and 
distributions 
(see 
paragraphs 
16·21 
and 


16-22) combined with a curve-fit exponential 


tim~ decay obtained by flying an unperturbed 
trajectory through the blast model. To simplify 
the calculation. instantaneous engulfment was 
assumed and shock-an-shock interaction effects 
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were 
ignored. 
In addition. the structural 
re- 
sponse was only examined for blast entrance and 
for normal reentry conditions. Blast traversal 
and exit of the vehicle from the blast 
r~gion 


were not examined, Thermal loading from nor- 
mal reentry and nuclear burst thermal radiation 
were considered for structural response through 
the bulk skin temperature rise. 
~o attempt WJS 


made to evaluate resulting thermal stresses from 
this high temperature environment: however. the 
bulk temperature effect was accounted for when 
choosing 
material 
elastic 
properties 
and 
allowables. 
_Three separate bays or ring-stiffened sec- 
~f the R V were investigated for the head 
on intercepts. After a few dynamk response cal- 
culations were made, it became apparent that 
Bay L-I (Station 37.5 to Station 49) was the 
most vulnerable to head on blast loadings: there- 
fore, the results presented are for Bay L-l. The 
cylinder solution used is a closed form. elastic 
response code that computes all stresses at both 
the inside and outside shell fibers at any desired 


_ 
in 
on the shell. 
The side on intercept conditions were 
examined 
with 
a 
lump-parameter. 
free-free. 


"Timoshenko" beam model. The bending rigid- 
ity was supplied completely by the ablator shell. 
whereas the mass distribution was made up of 
both the main shell structure and all internal 
components. As in the head on studies, the ther- 
mal effects were induded only in the evaluations 
of material elastic properties and allowables, Us- 
ing this lumped-parameter mode, a normal mode 
solution was employed to determine the com- 
plete time history of bending stresses that devel· 
oped at a number of stations along the missile 
length from the transient pressure IOdding that 
resulted from blast intercept. In all cases. the 
peak beam bending stresses occurred in a region 


_ all ded by Stations 20 and 25. 
[n addition to these two basic tools of 
structural analysis. i.e., cylinder solution and 


., 


" 
. ,,-'. 
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. 
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, 
, 
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for 
incipient 
structural 
damage markedly. 
[t 
should be recogni<:ed that these values of slant 
range probably are minimum values for the on- 
set of incipient structural damage as a result of 
the assumptions used in the stress calculations. 


• 
The thermal response data are shown in 
Igure 16-49 in terms of the temperature at the 


aft end of the cone (X/R N = 19.4) after burst 
exit as a function of the initial slant range of the 
vehicle from the burst. These data are the tem- 
peratures 
developed 
during 
normal 
reentry 
(including ascent heating) to the burst altitude 
plus the temperature rise caused by the fireball 
thermal radiation. Beyond initial slant ranges of 
16 to 18 kilofeet, the temperatures shown are 
the normal reentry temperatures at the burst 
altitude. since the thermal radiation heat load is 
quite small at these large ranges, The 40-kilofeet 
burst altitude induces higher temperatures than 
the 60-kilofeet altitude because of increases in 
both 
reentry 
heating 
and 
thermal 
radiation 
heating. 
... Two specific temperatures, 2.340° F and 
~F, are shown in Figure 16-49. The former 
is the ablator melt temperature, while the latter 
is the temperature at which the ablator has low 
structural strength. Since the bulk temperature 
generally lies somewhere in between the surface 
and backface temperatures, surface melting will 
commence before the bulk temperature reaches 
2.340°F, but probably only in small amounts. 
Of more importance is the fact that if the vehi- 
cle emerges from the burst with a bulk tempera- 
ture greater than I.750 
0 F at cri tical structural 
locations. it probably will not be able to survive 
the exit blast loads and/or the subsequent re- 
entry loads as it descends through maximum 
dynamic pressure to impact. i.e.. if the thermal 
radiation heat loads are sufficiently great to re- 
sult in temperatures of 1,750 
0 F at burst exit. 


"delayed" structural damage may occur subse- 
quent to the blast entrance, even if the entrance 
loads are not sufticient to cause damage. 


• 
beam model, a check of shell buckling was made 
by using the semi-empirical results from 
the 
HARTS Program. This check calculation reveal- 
ed that. if buckling did occur during blast inter- 
cept. it 
probably would be elastic: however. 


since rather thick walled shells were invol\·ed. 
the calculated critical buckling pressures are very 
high compared to pressures necessary to cause 
conditions leading to plastic deformation and 
rupture. 


16-27 
Results of the RV 
Vulnerability Determination _ 


The 
results 
of the 
structural 
re- 
sponse study are shown in Figure 16-47 for head 
on intercept and Figure 16-48 for side on inter- 
cept. Figures 16-47 and 16-48 show the allow- 
able stresses and 
th~ peak stresses developed 
from blast entrance loads (characterized by the 
plotted loads) as a function of initial slant range 
from a 350 kt burst at an altitude of 40 kil9feet. 
For the side on intercept cases (i.e.. interception 
by the blast wave normal to the longitudinal axis 
of the vehiclel. the loads are the total g's ob- 
tained by vectorially combining the axial and 
lateral values. For the head on intercept cases. 
the total loads are the same as the axial loads. 
..Tile incipient structural damage is indi- 
~n the figures by the intersection of the 
curve sllOwlng peak stress developed with the 
allowable stiess curve. The curve labeled "Devel- 
oped Stress" indicates the variation with slant 
range of the peak dynamic stresses developed in 
the vehicle during. blast wave intercept. These 
curves are shown for both the nominal RV and 
the 1.2 nominal vehicle, wl1ich is the same vehi- 
cle with the skin thickness increased by 20 per- 
cent. The slant range. stress. and loads are tabu- 
lated for each of the points of incipient struc- 
tural damage. 
_ 
It is apparent that the addition of 20 
percent to the skin thickness reduces the vulner- 
ability of the RV by decreasing the slant range 
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• It is apparent that the blast/thermal vuln~r­ 


ability of an RV cannot 
b~ uniquely ex- 


pressed in 
t~rms of either rigid body "g" 
load levels or thermal radiation heat loads. 
but rather is a function of 
th~ particular 


r~ e n tr·y 
trajectory. 
interc~pt 
g~ometry. 


yield of the attacking weapon. and 
the 


sp~cit1c damage mechanism considered. 


• 
Vulnerability loads or damage criteria 3S- 
signed to a particular RV corresponding to 
blast or thermal effects may not be com- 
patible with the loads or criteria assigned 
for 
other 
nuclear 
weapon 
effects 
(e.g.. 
X-rays). 


• 
Thermal loads on the RV. resulting from a 
combination of reentry heating and radia- 
tion from the nuclear weapon. can have an 
important 
deleterious effect all 
tIle 
ma- 


terial 
properties 
(and 
in 
turn 
upon 
the 
structural 
response) of the 
RV ablater- 
substructure combination. 


• 
The 
accurate 
assessment 
of 
RV vulner- 


ability to nuclear weapon effects requires 
detailed analyses using advanced analytical 
tools '.ll1d 
high-spe~d 
electroniL computer 
lacili ties. 


• 
ANTIMISSILE (ABM) SYSTEMS II 


• 
The assessment of blast and thermal nll- 


nerability of an antimissile 
(AB~f) system pre- 
sents many of the same problems that were dis- 
cussed for reentry vehicles: however. AB~t sys- 
tems have some important characteristics that 
are unique. and these will form the basis for a 


• 


ra 
ortion of the following discussion. 
There are 
fundamental differences be- 


tween the views of the 
design~rs of RV's and 


AB~I concerning blast and th~rrnal vulnerability. 
The designer of an RV may be willing to 
ha\'~ 


his vehicle sustain limited damage if the damage 
would not degrade the probability of mission 
success significantly. This willingness to sustain 


16-28 
Summary and Conclusions Concernil1g 
RV Vulnerability Calculations II 
_There are many different ways to sum- 
marize the blast/thermal vulnerability of an RV: 
this subsection employs a bar graph method. 
whereas the damage envelope method is used in 
the succeeding subsection to portray AB~t Blast: 
Thermal 
Vulnerability. 
The 
minimum 
initial 
slant ranges for structural and thermal damage 
are summarized in Figure 16-50 for the 17.000 
ft/sec!-35° trajectory and 40 kilofeet burst alti- 
tude. These data show that the RV is more \'ul- 
nerable to the side on intercept/structural d<!m- 
age condition than any other condition. The :20 
percent increase in ablator thickness reduces the 
initial slant ranges for damage considerably. The 
total "g" loading at the slant range for structural 
damage and the total free field radiation heat 
load at the slant range for thermal damage also 
are shown in the figure. It can be seen that then: 
is no unique mechanical "g" load or thermal 
"Q" load that determines when damage occurs. 
This points out the requirement for more det'ini- 
ti\'e 
information 
concerning 
damage 
criteria 


~sociat<:,d with actual RV designs. 


The separation distance at the burst 
a wu e 
etween two vehicles that were original- 


ly at the 130 and :200 cal/cm 2 X-ray 
arati n 


nces a art in the exoatmospheric 


also are shown III 
19- 


ure 16-). 
t can 
e s 
n that if two vehicles 
were spaced for these X-ray loadings from a 350 
kt weapon in the exoatmosphere. and the lead 
vehide encountered a direct hit from 350 kt at 
40 kilo feet. the trailing velUcle definitely would 
incur damage if it encountered the blast wave. 


(SJ 
The foregoing description of the method 
and results of an RV blast/thermal vulnerability 
sample calculation was presented to give the user 
an indication of the important technical aspects 
that must be included in this type of analysis. 
Based upon the results. a few rather general con- 
clusions can be drawn: 
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• 
some level of damage results from the fact that 
the RV designer usually deals with large num- 
bers of vehicles directed against an array of tar- 
gets with the objective of insuring that a fraction 
of the RV's penetrate the defense and reach the 
ta:gets. The 
de fense. on tile other hand. at- 
tempts to deny all "leakage" of enemy RV's, 
Therefore. when considering blast and thermal 
fratricide damage. the AB:"1 designer usually will 
not tolerate any degree of damage to the vehicle 
(Le.• it is designed to be "sure safe"). When as- 
sessing the ability of an ABM to defend a target 
and to kill an enemy RV. however. the objective 
dictates that the AB!\1 designer 
achif~\'e a "sure 


kill" miss distance relative to the incoming RV. 
__ :\1ost of the following discussion results 
~study to determine the probable damage 
modes and damage envelopes for the AIRS I and 
II vehicles (paragraph 16·12) when exposed to 
blast waves and thermal radiation from nuclear 


• 


x losions. 
The scope of the discussion can be sum- 


marized as follows: 
• Two vehicles are considered, AIRS I and 
AIRS II. These vehicles nominally repre- 
sent interceptor vehicles of the SPRINT 
and SPARTAN class. respec.tively. Inboard 
profiles of these vehicles ar'i! shown in Fig- 
ures 16-51 and 16-52. 


• 
Four response modes are considered: 
(II Shell breathing response to the blast 


wave. 
(2) Vehicle bending response to the blast 
wave. 
(3) Internal cornponelp 
damage 
due 
to 
rigid body acceleration produced by 
the blast wave. 
(4) Material damage produced by the ther- 
mal racliation. 


• Coupling effects among the damage modes 
are neglected, except for the inclusion of 
degradation of material properties that re- 
sults from heating the material. 


• Control surface damage is not considered. 
• 
Each vehicle is assumed to be in a steady 
state "n"-g maneuver (where 
n can be 
zero). 
• 
The aerodynamic loads initiated by the 
blast wave must be defined to perform a blast 
vulnerability analysis. In the definition a f the' 
aerodynamic loads imposed on a vehicle 
tran~l­ 


ing at hypersonic speeds when subjected to a 
strong 
blast 
wave. the initial shock-on-shock 
interactions during the vehicle engulfment by 
the blast wave present the most difliculty. Re- 
cent studies of the response of missile structures 
to blast loads indicate that the response to the 
shock-on-shock loads does not contribute signifi- 
cantly to the total response experienced by the 


• 


. 
structure. 
The response of the structure to blast IS 
separated into shell breathing.. vehicle bending. 
and rigid body acceleration responses. The sepa- 
ration 
of the 
total response into uncoupled 
breathing and 
bending responses 
is 
required 
since 
current 
methods 
cannot 
perform 
the 
coupled problem; however. this separation is 
justified to some extent by consideration of the 
types of damage associated with each response. 
In shell breathing response. segments of the shell 
between bulkheads are excited. and the damag.e 
is associated with high frequency local shell de- 
formation. In vehicle bending, the damage re- 
sults from relatively low frequency excitations 
of the overall structure. 
• 
Criteria for the yielding and buckling 
response have been generated primarily from 
data generated in tests of simrle cylindrical and 
conical bodies subjected to air blast from HE 
detonations. Studies of damage to the vehicle by 
bending have neglected the short-duration dif- 
fractive loading, which is of little consequence in 
exciting the long period oscillations associated 
with bending deformations (except possibly for 
very low yield weapons). The damage criteria for 
bending deformations. and the response analysis 
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Figure 16·51. _ 
Inboard Profile of AIRS I vehicle. 
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Figure 16.52.11I Inboard Profile of AIRS II Vehicle III 


'. 
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. 
II 
techniques.• rely 
on 
knowledge 
developed in 
similar studies performed for aircraft and launch 


_ 
hides in the boost phase. 
Analysis of response to thermal radia- 
tl 
1 effects define the mechanisms by which 
heat is absorbed and distributed throughout the 
structure. both when the vehicle is outside and 
inside the fireball. Damage criteria from thermal 
radiation effects are selected on the basis of the 
loss of the insulative coverings over the sub- 


• 


u 
ure. 


. 
Blast and thermal radiation effects dam- 
age envelopes for both Al RS I and 11 are pre- 
sented below. The relative sizes of these envel- 
opes for the various effects on the two represen- 
tative vehicles and for the encounter condition 
variations (in yield and altitude) are discussed 
brietly. 


16-29 
Shell Breathing Response. 


_ 
Blast induced pressure loading c:wses the 
shell segments of the vehicle between the ring' 
reinforcements to respond in what is usually 
termed the "breathing mode." Damage occ'trs in 
the form of permanent ddormation of the skin 
through the formation of a dented area in the 
surface of the shell.· The primary damage me- 
chanism for the shells is an instability (buckling) 
of the shell that can occur either when the shell 
is all elastic or aftt'r portions of the shell ha\'e 
become plastic. This damage mechanism can be 
complicated by the presence of the ab!ator over 
the structural shell and by other states of stress 
and deformation 
imposed by bending of the 


vehicle as a result of biast and normal !light 
loads. or the thermal condition Of the vehicle at 
blast intercept. These interaction problems are 
not considered. 
_ 
A complete determination of the olast 


~e to ~ shell segment that would be requir- 
ed to prevent the AIRS vehicles from perform- 
ing a specitied maneuver requires two separate 
analyses. 
The 
first 
analysis predicts response 
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levels from 
threshold to severe post buckling 


damage. and a second analysis predicts the post 
damagt' response: the latter is the 
rt'spons~ or 
the "damaged" vehicle to tht' Ic)ads imposed by 
maneuver. Thus. It is not sufficient to cakulak 
tht' shell ..esponse resulting: from the blast 10aL!- 
ing. A sure-safe criterion also must bt' establish- 
ed for the actual in-llight conditions in tht' frat- 
ricide mode. The amollnt of damag.e tll;lt con- 
stitutes an "unsafe" 
r.~,·d under a Known set 01' 


environmental conditions must bt' dt'tt'rmint'd 
eventually if vulnerability studies are to be call- 


• 


ered useful to the military planner. 


~ 
The analyses of the response of criti'JI 


S 1e 
5t'gments of the AIRS I and II vehicles to 


blast that were selected for this example can 
only predict the threshold damage le\'el caused 
by elastic buckling or initial material yielding. 
Analyses that calculate elastic-plastiC n:~ponse in' 
the post buckling region have only been devel- 
oped recently for shell response to blast. but 
experimental data are not sufficiently compre- 
hensive to apply the results to various loading 
conditions and 
to 
different 
materials. 
Thus. 
rather arbitr:try criteria must be postubt<:d to 
relate computed damage levels to "unsafe" L'on- 
ditions for the AB\1. 


• 
The analyses discussed thus far primarily 


..:a cu ate the response of the shell lip to thr<:sh- 
old damage. i.e.. sure-safe le\·els. Tllese analyses 
are elastic in nature and canllot be used directly 
to determine rt'sponse that includes severe dam- 
age. There are three additional elements required 
befor<: lethality predictions can be made: 
• 
Seiection of the applicable analysis: that is. 
inelastic buckling or yielding (or possibly 
fracture I. 


• 
Definition of damagt' 
criteria. i.e.. defi· 


nition of the amount of damage that must 
occur in 
the 
selected 
damage mode to 


negatt' the intended mission of the vehicle. 


• 
Selection of a means to apply the inelastic 
analysis to the determination of the load 


• 
• ' 'j. 
.- . -' 
: 
'. 
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• r ' 
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.. 
~ . 
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• ;.. ' 
. 
r., 
." 
• level required to produce the amount of 
damage specified. 


16·30 
Vehicle Bending Response 
(U) 
.. Discussions of prediction techniques for 
~ponse of the AIRS I and AIRS II vehicles 
to blast in their rigid body and bending degrees 
of freedom are separated into two parts. First. a 
formulation of damage criteria for these vehicles 
in bending is discussed for damage to the pri- 
mary structure and to the internal components, 
In the second part. analysis that predicts the 
structural response is discussed. The inclusion ;:>1' 
critical damage criteria in a computer program 
for the response analysis results in the capability 
to determine sure safe envelopes for bending re- 
M 


anse to blast. 
A most difticulr. but necessary. part of 
e 1I1111g damage contours for interceptor mis- 
siles in a blast environment is the definition of 
the amount of damage that must be produced in 
the primary structure in bending or to iiiternal 
components to constitute a positive failure of 
the mission. The approach adopted is to use a 
simple damage criterion available for interceptC'T 
vehicles. 
_ 
Selection of simple damage criteria for 


~erceptorvehicle undergoing bending defor- 
mations requires an understanding of the dam- 
age modes involved. The primary bending dam- 
age modes possible to the primary structure of a 
vehicle may be: 
• 
Damage to the joints resulting from tensile 
stresses in excess of the stresses allowable 
for the joints. 
• 
Buckling damage to the overall shell struc- 
ture 
resulting 
from combined axial and 
bending induced 
normal 
stresses 
in the 
shell. 
For this discussion, a damage condition in which 
the vehicle damage cannot support the loads 
associated with a specific Un"_g maneuver after 
buckling was selected tentatively as sufficien~, 


~ 
Damage criteria for internal components 
~d 
involve 
detailed 
investigations 
of the 


acceleration-time 
history 
environment 
that 
a 
component C2n withstand. In addition. the sup- 
ports 
of internal 
components 
and the load- 
carrying ability of the supports must be con- 
sidered in a comprehensive vulnerability anal- 
ysis, It is the usual practice to consider an accd- 
eration time-history and to assign a certain peak 


• 


-Celeration value to be critical. 


In view of a lack of fragility data for th~ 


111 e lal components of the AIRS I and II. r~pre­ 
sentative allowable peak acceleration values were 
selected from information available for design 
requirements for SPRINT and SPARTA!\". These 
acceleration values are used to demonstrate the 
procedures 
involved 
in 
determining 
damage 
envelopes for internal component damage. but 
they are not neceSSarily representative o'f what 
the internal equipment mounted inside the vehi- 


• 


1 
an actually withstand. 
It is necessary to perform a comprehen- 
sIve analysis of the blast loading and response of 
the entire missile structure (including primary 
and secondary structures) to determine the de- 
tails of the blast loads imposed upon (and the 
response 00 specific internal components when 
a missile body is exposed to a nuclear weapon 
environment. This analysis includes development 
of a detailed mathematical lumped-mass/spring 
model of the missile to determine the proper 
"transfer functions" between the primary struc- 
ture and the internal component of interest. Cal- 
culations that use the mathematical model and 
the definition of the blast loads imposed on the 
missile structure during a real encounter lead to 
the determination of the loads imposed on the 
internal structures. 


16-31 
Tharmal Radiation Effects • 
_ 
The establishment of thermal radiation 


~e criteria for AIRS I and AIRS 11 required 
an 
examination 
of the 
individual 
structures 
involved. 
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ablation rates generally are so high that the 
boundary layer is blown off. and the local now 
field (which may be subsonic) is dominated by 
the ablation vapors, 
In either case. the heat 
transfe: to the surface causes the ablator to heat. 
pyrolyzc internally. and melt and vaporize at the 
surface. 
.. A realistic thermal analysis for a silica 
~ic coated vehicle should consider the fol- 
lowing effects: 


. . 
··..0; . 
. ! 
'. 


• 
[n general. data concerning thermal radi- 


ation effects consists of a de:>cription of the tem- 
perature distribution through the ablator (and 
substructure 
material) and 
the 
mass ablatio;l 


rate. both as a funccion of time and position on 
the missile. This fundamental information pro- 
vides the thermal portion of the inputs for a 
realistic assessment of the overall vehicle perfor- 
mance during :md after an encounter with a nu- 
dear burst, The temperature distribution data 
can be used in a structural analysis to determine 
the 
magnitude of the 
allowable 
stresses (or 
• 
Internal heat conduction in the ablator and 
strains). 
thermal 
stresses. 
etc. 
Furthermore. 
substructure. 
there are 
usually 
internal components ;n the 
• 
Pyrolysis 
of 
the 
phenolic 
resin 
in 
the 
guidance section. fuzing. arming and tiring sec- 
ablator. 
with the attendant 
endothermic 
tion (FAF). or warhead section that have a fairly 
chemical reactions and pyrolysis gas flow 
low temperature tolerance. The ablation rates 
through the char. 
also 
aff~ct the mass distribution and can affect 
0 Convective and radiative heat transfer at 
the aerodynamic characteristics of the missile. 
the ablator outer surface, and the accom- 
which can affect its night characteristics; how- 
panying surface recession that results from 
ever. the following discussion is limited to an 
melting and vaporization of the silica cloth. 
examination of thermal effects in the ablator 
• 
The interaction of the injectC!d ablation 
and substructure. No concurrent structural and! 
vapors with the local vehicle flow field, 


!l 


r tra'ectory analyses were performed. 
especially the absorption of thermal radia- 


The principal type of ablation material 
tion by the vapors (radiation blocking). 
use 
on the AIRS I missile is tape-wrapped silica 
• 
The time dependent nature of the fireball 
phenolic. 
which 
is a silica cloth impregnated 
environment. as well as the transient nature 
with pllenolic resin. A detailed theoretical pre- 
of the tempera.ture response of the ablator. 
diction of the thermal response of a charring. 
• 
Variation of all of the effects listed above 


melting and 
vaporizing ablator such as silica 
with location on the body that result in 


phenolic 
011 
a 
higll-speed 
missile 
that 
flies 
differences 
in 
environment, type andlor 
through (or near) a nuclear fireball during some 
thickness of ablator, etc. 
portion of its mission involves simultaneous con- 
• 
V 
. t' 
f 
11 
f th 
f'f 
t 
. h b 
. 
., 
. 
. 
ana Ion 
0 
a 
0 
e e ec s Wit 
urst 
sideranon 
ot 
complex plJyslcal and chemical 
t 
drt'. 
I 
TI 
I "·· 
"II 
d 
encoun er con 
IOns. 
p lenomena. 
le genera 
Situation IS I ustrate .- 


in a simplified fashion in Figure i6-53. During .... It is convenient to separate the thermal 
normal t1ight (Le., preburst or post traversal). 
analysis into several basic parts, each of which 


the vehicle is heated by forced convection (q c) 
uses somewhat different techniques of analysis 


caused by friction forces in the boundary layer 
according to the most imp(\rtant physical pro- 
on the vehicle (aerodynamic heating). During 
cesses that are treated. This concep. can be 
the 
fireball 
traversal phasl:, the 
predominant 
visualized with the aid of Figure 16-53 and an 
mode of heating is thermal radiation (qR ) from 
energy 
balance 
at 
the 
outer surface 
of the 


the high temperature fireball air. in this case. the 
ablator (denoted by a subscript 
IV). 
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illusuation of Ablation Phenomena 
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where q. 
and tl 
are the free field convective 
c R . 
and radiant heating raies. respectively. The term 
"free field" heating rate denotes that the quan- 
titv is computed without regard to ablation cf- 


fe~ts. Thus. the frec field convective heating is 
computed all the basis of nonblowing boundary 
layer solutions. while the free field radiative 
heating is computed on the basis of the tireball 
now t1eld being unperturbed by the presence of 
the vehicle. Therefore. by definition. the free 
field thermal environme;1i depend~ only on time 
and body Jllilsition for a particular trajectory and. 
encounter condition. and not on the type at 
ablation material used. 
.. The quantities 
1}J and {3 are the convec- 


~nd radiative blocking functions. respec- 
tively. They denote the fraction of the free field 
heating rate that exists at the ablator 
surf~ce 


during the actual ablation process. The blockll1g 
functions must be obtained from a solution for 
the IOl:al vehicle now field that accounts for the 
effects of the injected ablation vapors on the 
now field. In general. their values will depend on 
the level of the free field environment and on 
the particular ablation material. The quantity 


w~. 
repres~nts the energy. reradiated from the 
surface. 
while the term mt)Ji represents the 
energy absorbed in surface melting and vaporiza- 
tiun. Finally, 


(-K aT). 
ax 
w 


is the heat conduJiad into the surface of the 
solid ablator, which in general must be obtained 
from a solution of the temperature profile in the . 


• 


r. 
The 
equati~n .simply ~tates +':at the. net 
convective and radiatIve heatIng at the sur.ace. 


less the energy reradiated and absorbed in melt- 
in" and vaporization. equ21s the energy 
COll- 


d;cted into the ablator. When the net heating 
rate is sufficiently high to produce surface melt- 
ing and vaporization. the equation relates the 
mass ablation rate (IiI) to the free field environ- 
ment and the temperature distribution in the 


• 


lator. 
For the purpose of the pre:ent disclls- 
slon. which is primarily concerned With the ther- 
mal effects 'of a nuclear environment. the overall 
analysis is separated into two basic parts: tireball 
radiation and ablation. and the internal tempera- 
ture and ablation response. The former is essen- 
tially multidimensional (around the body) and 
quasi-steady in nature, since it deals with high 
temperature flow about a high speed missile •. 
whereas the latter is primarily one dimensional 
(through-the-thickness) and transient in nature 
since it deals with heat conduction. The coupl- 
ing condition (boundary condition} that relates 
the free tield environment and local flow field to 
the internal response is the energy balance at the 
tl 


urt" 
e. i.e.. the equation given above. 
When the results of various theoretical 
. met lOds are compared there is about a ±50 per- 
cent uncertainty in the predictions of the total 
silica phenolic mass ablated during a nuclear fire- 
ball traversal. even among theoretical modeIs 
that assume full vaporization. If only melting is 
assumed. the results are at least a factor of tive 


• 


i 
er. and typically a factor of ten. 
The condition for thermal damage to the 
vehicles was taken to be the time at which 
SO percent of the ablator mass was gone: this 
condition is probably on the conservative side. 
leading to an upper limit in the size of the vul- 
nerability envelopes. 


16·32 
ABM Blase/Thermal Vulnerability 
Envelopes • 


_ 
The previous paragraphs described tech- 
niques of analysis that can be employed to de- 
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W",Ulnerability envelopes for the AIRS I ami 
AIRS II vehicles exposed to blast and thermal 
radiation from nuclear explosions, The vulner- 
ability envelopes for the AIRS vehicles and for 
two typical encounter conditions are shewn in 
Figures 16-54 through 16-57. In each figure. the 
vehicle under attack is at the origin (0, 0) flying 
from left to right, If the attacking weapon is 
burst inside the envelope. the load on the vehicle 
will exceed the critical level. Thus. the largest 
envelope on the graph identifies the "most" 
critical damage mechanism for the vehicle and 
the burst condition considered, 
_ 
Figures 16-54 and 16-55 correspond to 


""'IRS I vehicle in a typical fratricide situa- 
tion; it is obvious that the size of the critical 
damage 
envelopes 
are 
very sensitive 
to 
the 
maneuver (or nonmaneuver) condition of the 
AI RS \. The AI RS II curves in Figures 16-56 and 
16-57, indicate envelopes of somewhat different 
shapes. but the general behavior is similar to 
AIRS I. 


16-33 
Conclusions II 
~ The AIRS I and AIRS II vulnerability 
~ produced the following main conclusions: 
• The intemal component acceleration en- 
velopes are the largest for both AIRS I and 
AIRS [\. but this predominance must be 


regard~d cautiously as a result of the arbi- 
trary nature by which acceleration damage 


._." 


levels were selected for the AI RS internal 
components. 
• Thermal 
radiation 
effects 
appear 
to 
b~ 


more important for AIRS I than for AIRS 
II: however, blast effects produce the larger 
envelopes for both vehicles. 
• Thermal radiation effects tend to increase 


in relative importance for the larger yidds 
and lower intercept altitudes. 


• 
Shell 
response 
and 
bending 
response 
damage are of comparable importance for 
the nonmaneuver condition for both vehi- 
cles. For the maneuver condition. however. 
the shell damage mode is more important 
than tlle bending damage mode in defining 
vulnerability envelopes for both vehicles, 
• 
The maneuver condition modifies the.accel- 
eration, bending and shell damage vulner- 
ability envelopes appreciably. In general. 
the 
overall 
areas 
(or volumes) of these 
envelopes 
increase 
significantly 
for 
the 


maneuver condition, 


• 
It should be emphasized that the conclu- 
sions only apply to the AIRS I and AIRS II 
vehicles, The foregoing discussion was presented 
to indicate the types of analyses that must be 
performed to assess the vulnerability of AB\1 
vehicles to blast and thermal effects, The conclll- 
sions could well be significantly different for 
vehicles of different design. 
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__ 
BLAST AND THERMAL 
LETHALITY III 


_ 
Previous subsections of this section have 
concentrated on concerns relative to the blast 
and thermal vulnerability of friendly RV's and 
AB\f's. This subsection will discuss the concern 
of the defense in the effectiveness of ABM in 


, "killing" an RV. The emphasis shifts from "sure 
safe" criteria to "sure kill" criteria. 
.. The definition of the threat RV vehicles 
~ details of the free field blast and thermal 
environments of the ABI\I an:: the two primary 
factors that intluence the determination of the 
kill effectiveness of an ABM system. Calcula- 
tions of blast kill radii have been performed by 
varioLls groups for the SPRI1\jT ABM against 
some representative RV threats. The results of 
These calculations are described in the following 
paragraphs. 


16·34 
Blast and Thermal Free 
Field Environments 
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are shown in Figures 16-58 through 16-61 in the 
form of blast wave parameters at one altitude, 
e.g., temperature and flow field profile data. at 
one typical time. These data are essentially self 
explanatory. TIley are useful to provide an over- 
view of the environments: however, for detailed 
vehicle resRonse studies. the principal output of 
a radiation-hydrodynamics code calculation con- 
sists of the radiation-hydrodynamic and field 
data as a function of radius at a large number of 
times after burst. These basic data are stored on 
magnetic tapes (called Usertapes), which allows 
dissemination of the principal results for use in 
many 
studies. 
This is 
necessary since blast/ 
thermal effects studies often require that the 
vehicle be flown through the environment as a 
function of time. and it is impossible to present 
environmental data at the vehicle position as a 
function of time graphically for alI possible com- 
binations of vehicles. trajectories. and intercept 
conditions. 


16-35 
ABM Blast Loads on Threat 
Vehicles (Point Mass) 
• 
.. The study of ABM blast loads on thre"t 
~s consisted of computer analyses llsing a 
generalized trajectory code. with capabilities of 
including the free field blast environment pro- 
vided 
by 
the 
radiation-hydrodynamics 
User- 
tapes. A nonrotating spherical earth model with 
a 1962 atmosphere was used for this calculation. 
The 
aerodynamics 
were 
computed 
by 
New- 
tonian mechanics, based on the input size and 
shape data defining a sphere-cone for each vehi- 
cle. The reentry conditions for the RV nominal- 
trajectories were defined in terms of altitude, 
flight path angle, and reentry velocity. Having 
computed 
a flight 
profile with the specified 
reentry conditions, the blast tly through runs 
included trajectory computations that started 
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Figure 16·58. 11 
Computed Temperature Profile, 
t 
~ 4.64 msec. 30 kilofeet Altitude • 
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Figure 16·59. '11& 
Computed DensitY Profile, 
t '" 4.64 msec, 30 kilofeet Altitude III 
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Figure 16·60. 111 Computed Static Pressure Profile, 
t = 4.64 msec. 30 kilofeet Altitude III 
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• 
just prior to shock front intercept and terminat- 
ed within one second. In the dynamic simulation 
involving interaction between the rapidly chang- 
ing blast environment and the vehicle trajectory, 
the environment changes rapidly; changes are 
measured in microseconds and in inches. The 
computed 
dynamic 
response, 
nevertheless, 
is 
considered to be a valid model. 
_ 
Figures 16-62 through 16-65 provide a 


gr.c portrayal of a sample blast intercept 


condition. 
For this one intercept case. four 
curves are shown: static overpressure, dynamic 
pressure. static overpressure impulse, and dy- 
namic 
pr~ssure impulse. All times indicated are 
measured from the time of blast wave intercept. 
Twenty-live milliseconds of data are shown in 
Figure 16-62 while only the first millisecond is 
shown 
in 
Figures 
16-63 throU£:l 
16-65. The 
values of dynamic pressure im pulse are the re- 
sults of continuous summation from prior trajec- 
tory restart conditions. and the measure'inents 
mllst be read relative to a baseline value at time 
of intercept. 
.. The two impulse curves (FigLi'es 16·64 
a~6-651 show the relative importance of the 
dynamic pressure impulse compared to overpres- 
sure impulse at early times. The former builds 
up and levels off extremely quickly while the 
latter continues to increase. This characteristic is 
due 
to the rapid drop in dyr:amic pressure, 
whereas the overpressure, ;.lutt"J for 25 msec, 
illustrates a considerably slower decay rate. 


16-36 
Blast Loads on IRV 
Threat Vehicle 


• 
The time history of surface loading on a 


threat 
reentry 
vehicles 
were computed 
from 
knowledge of the 
fly 
through 
environments 


(overpressure, dynamic pressure, relative wind 


• 


1' attack! and local vehicle aerodynamil::s. 
Tlte time history of loading 011 any part 


of the RV is found to be the sum of a very short 


duration 
dynamic 
pressure 
or drag 
loading. 
superimposed on a longer duration overpressure 
loading. (See Figures 16·62 through 16-65 for 
typical pressure-time histories.) 
~ The spatial distributions of these two 
t~f loads on the vehicle surface generally 
will differ considerably. Blast overpressure re- 
sults in uniform pressure being applied over the 
cOI1'!plete vehicle surface, whereas dynamic pres- 
sure loadings vary over the vehicle surface. de- 
pending 
011 
the 
structural 
configuration 3.nd 


intercept geometry. These various relationships 
can be expressed in the following functional 
form. 


PU> = qU.a.8. W.[3> + 
~p(t) 


where 
q = dynamic pressure 


~p ;; static overpressure 


ex = relative wind intercept angle 


!/J.e ;; local 
angles 
defining structural 
ge- 
ometry 


13 ;; circumferential 
angle 
on 
~tructure 


measured from windward ray of inter- 
cept. 


Newtonian aerodynamics were used to deter- 
mine the peak values of surface pressure result- 
ing from the dynamic pressure environment for 
all the reentry vehicles that were studied. The 
structural configurations all were made up of 
some combination of a sphere nose cap and a 
conical body. \-tost of the early structurall-;thal- 
ity :;tudies were concentrated on t\le aft (or 
weakest l conical sltell bay. Shock-on-sllock loads 
were l1ee.;ected in the analvsis. 


• 
The 
surface 
pre~sure loading 
on 
the 
conical shell elemcilts is computed from the 
equation on page 16-106. 
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Figure 16·62. III RV Target A. Static Overpressure as a Function 
of Time, 30° Intercept III 
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Figure 16-63. " 
RV Target A, Dynamic Pressure as a Function 
of Time. 30° Intercept II 
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Figure 16-65. III RV Target 
\, Dvnamic Pressure Impulse as a Function 
of Time, 30° Intercept • 
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where 


P(r) 
== 2q(t) sin 2 (8 + (X) + 
~p(t), 


usually will be accompanied by removal of the 
ablative covering and severe structural deforma- 
tion 
of the 
remaining subshell. Delayed kill 
refers to removal of the ablative covering over 
large portions of the loaded side of the vehicle. 
In general, this load level al50 ",rill be suffkient 
to cause considerable plastic deformatio;1 in the 
vehicle subshell. These definitions of damage are 
consistent with those recommended by Stanford 
Research Institute folloWing participation in the 
HARTS and SPINE experimental programs. 


• 
One approach used to relate these dam- 
age levels to the computed applied loading in- 
volves the establishment of a given damage level 
in terms of the pressure and impulse of the 
applied surface loading. The equation for a given 
damage level in the pol plane is then defined by 
the following hyperbolic form: 


P(t) = ~p(t) 


~m" 
cos- l {I -(::: :)')'" 


e = cone half angle 


at the windward ray ~ =0, therefore maximum 
surface pressure is 


II 
PU) = 2q(r) (cos a sin (J + sin Ci cos e cos ~)2 


+ ~p(t); 


and the impulse at any time, T. at (3 =0 on the 
cone is 


where it is ncted that q(t) and ~p(t) will not, in 
general. have the same time dependency. 


16-37 
ABM Blast Kill, Radii 
" 
• 
Structural lethality leveI.s of the threat 
reentry vehicles are evaluated in terms of the 
blast loadings on the primary structure of the 
vehicle. In the caieulations described here, two 
categories of lethal loadings were evaluated: (1) 
Immediate kill, Category 6* and (2) Delayed 
kill. Category 4. Immediate kill corresponds to 
load levels sufficient to cause some degree of 
structural breakup of the metallic subshell. This 


In this equation /0 and Po are asymptotes corre- 
sponding to 'falues of impulsive loading and 
static pressure loading necessary to induce the 
specified damage level. Thus, J0 and Po must be 
determined for each structure to be studied and 
for both damage categories, i.e., immediate kill 
and delayed kill. Although much of the data are 
consistent with the value 1.0 on the right-hand 
side of the equation, some data indicate that a 
W 


lue 
ear 3.0 would be more appropriate. 
For a given structural element, the /0 
an 
0 asymptotes for a given damage level can 
be related to computed values of impulse and 
pressure based on some very simplistic structural 
analysis techniques. For e)(ample. modeling the 
two layered aft bay shell element as a rigid, per- 
fectly plastic cylinder, the uniform externally 
applied impulse necessary to cause a permanent 
'I Sometim:s referred to as "cataslrophic damage." 
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strain, e, in the shell wall is found to be: 
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where 


mass densities of shell and ablative 
cover materials. 


= yield stress values of shell and abla- 
tive cover materials. 
shell thickness. 
ablator thickness. 


Under similar assumptions. the value of uni form 
static pressure necessary to cause material yield- 
ing in the shell wall is 


where a = average radius of cylinder. The well- 
known 
[05 
parameter for impulsively loaded 
shells can be obtained by setting E =0.05. 


_ 
The next step in lethality evaluation is to 
r: the 105 and PI' load levels to load levels 
corresponding to the Category 6 and Category 4 
damage. For the cylindrical or slightly conical 
shells 
representative or the aft bay of most 
threat RV's, these relationships are empirically 
established' based on results obtained from a 
large numba of experimental tests performed 
during the HARTS, SPINE, and DRIS Programs. 
Based on the results of these correlations. the 
following relations were selected to establish the 
impulsive and quasistatic load level asymptotes 
for damage Categories 6 and 4. 


IMPULSE ASYMPTOTE 


Category 4: 
14 = 105 


Category 6: 
16 = 2.5 105 


QUASISTATIC PRESSURE ASYMPTOTE 
a 
Category 4: 
P4 
0.7 T P05 


a 
Category 6: 
P6 
1.56 L P05 


It should be noted that, in the definition of the 
quasistatic pressure 
asymptote, the effect of 
shell length has been included empirically by 


• 


. 
ing the radius-to-length ratio (a/L). 
Based on the structural lethality esti- 
mates described above and the blast environ- 
ment loading for the various encounter geom- 
etries, lethality estimates of the Lnreat RV's can 
be made. A sample plot is shown in Figure 
16-66; the los and Pos (Py ) asymptotes have 
been determined, and the curves corresponding 
to the damage asymptotes /5' P6 (immediate 
kill) and 14 , P4 (delayed kill) are shown. The 
dashed line shows the damage curve for immedi- 
ate kill corresponding to the constant in the 
pressure-impulse equation being equal to 3.0 
instead of 1.0. 


• 


By combining the loads calculated for 
t 1 
rious encounters, in terms of pressure and 
impulse of peak surface loading, with the dam- 
age level plot (Figure 16-66), estimates of loads 
(in terms of slant range and intercept angle) 
necessary to incur lethal damage can be made 
for 
each 
vehicle. 
An example of the super- 
position of the structure load pressures and 
impulses on the damage definition curves is 
shown in Figure 16-67. In the figure, different 
symbols correspond to loads for various inter- 
cept anglr.s, and the number adjacent to each 
symbol derines the value of slant range at burst 
time to widch that particular load calculation 
corresponds. 
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Figure 16-6ftll 
Pressure-Impulse Damage Levels. RV Target A 
Configuration. Aft Bay II 
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_ 
By noting where the blast loading 


points cross the damage level lines in the P-I 
plane. estimates of burst time slant range cun be 
made. for a given intercept angle, that will result 
in Category 6 immediate kill and Category 4 
delayed kill. The following RV kill slant ranges 
(at burst time) are obtained from the example 
(Figure 16·67). 


• 
It should not be inferred that the P-l 
plot method described above is the only method 
vf analysis that is used to determine blast lethal· 
ity radii. Some investigators have been successful 
in computing the structural response of RV'sto 
the 
derived blast load inputs: however. here 


experimental data must be used to relate the 
computed respons"" to damage level. e.g.. im- 
mediate kill. 


16-38 
Fireball Thermal Effects on 
Threat RV's II 


• 
Whenever a vehicle intercepts an early 
t lln e 
blast 
wave. 
it 
stlbsequently 
traverses 
through (or very near) a high temperature nu- 
clear tireball. Therefore. as one part of a lethal- 
ity investigation. the thermal effects that would 
be expected on a t.l1reat RV flying through an 
ABM nuclear fireball would be examined. The 
calculations for the following example employed 
the RAD ABLE code. This code uses the free 
field fireball ~thermal environment data :.IS read 
off of a rad-hydro Usertape. The RAD ABLE 
code formalism assumes that the vehick nicS a 
constal1t velocity-straight line trajectory in the 
vicinity of the burst point. A simplified method 
is 
used 
that accounts for radiation blo..:king 


effects in an approximate manner based on de- 
tailed stagnation point (rad-hydro) flow field 
solutions. 
__ 
Figure 
16-68 
shows a 
typical 
~he ablation rate (m) and the amount 
of material ablated 


for a head on traversal of an ABM explosion at 
30 kilofeet altitude. The burst time standoff dis- 
tance (X ) of the- vehicle 'vas 100 feet in this 


Figure 16-69 summarizes the results 
o 
a number of fireball traversal calculations 
(similar to those illustrated in Figure 16-67) in 
the form of total mass ablated at fireball exit as 
a function of initial standoff distance (Xo ) and 
burst altitude. All of these results are for head 
on (Xo > 0) or tail on (Xo < 0) intercepts with 


Figure 16-67. _ 
SPRINT Blast Loads, RV Target A, 
30 kilofeet Altitude, Aft Bay II 
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Figure 16-68. __ Abl~tion Rate and Mass Ablated as a Function 
of Time for Target A Threat RV III 
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Figure 16-69, _ 
Mass Ablated as a Function of Burst Time 
Standoff Distance for Target A Threat RV III 


16-112 


y).,;:. 
(1-)';' 


.' '.. . . .... 
.0'.... . i 


. 
.. 
,...... 
. 
- ~ ) 
~ 


", 
-\ 
" 
;~-:, 
.. 
" 
' 


, 
- 


16-113 


• 
I 
" 
• 


'. 
{.'. 
..:," 


. 
' 
. 
... 
. 


':, 
." 
. 
" 


or 
". 
• 
, 
,! t 
,~ 
. 
~ 
• 
, 
,- 
. 
. '. 
,. 
. . 
, 
. 
. ' 
' ... 


I 
I 
I 
I 
I 
I 
I 
I 


i 


/ 
I 
I 
., 
I 


! 


, 
; 
V 


I 
I 
I 
! 
i 
i, 
. 
I 


-So 
i 
, 
i 
I 
I 
I 


I 
I 


! 
I 


i 
I 


I 
~ 
I 


II 
I 


I 
I 


~~ 
, 


I 
I 


, 


c::: 
. 
I, 
... 


"li--~. 
I 
I 
I 
I 


: 
! 
i 


c,., 
o 
N 
o 


o 
N 


o 


o 
o 


• 
>B 
'":t: 


Ql.... 
ct: 
c 
0 


M~ 
'Vi 
0 
0 
w 
.- 
x 
'"'" 
'" 
.. 
~ 
~ 
c 
~ 
0., 
! 
...>.. 


W 
~ 
::E 
i= 
iO 
.!I! 
Co 
>l- 
I 


d,... 
r.C.- 
'":;... 
ir 


16-114 


, ..". 
" 
. 
!. ,:.,. : '. _:. .~ . 


, 
. 


,~ 
•. 
• 
• 
I' 


(:las ZW:l/W6) ~ 
3J.'v'~ NOISO~3 ~ 


.. 
'r.... 
In 


!: 
.'~' 
lZ0r-' 
I 


100,'""'"t:\'(~'"t=""" 


MASSIVE SUBSTRATE 
DAMAGE 


i.... 
J:a... 
80 
0E 
I 
'\... 
'\.../'\... "\.. "- '\... 
"'-.'\...'\... 
I 
) 
DAMAGE BAND 
.. 
~ 


..J 
..J« 
c!- 60 
wa: 
I 


> 
> 
I 


> 
> 
\> 
> 
/ > 
> 
> 
SUBSTRATE FRACTURE 
::l 
~ 
wa: 
40 


CI. 
..J 
..J 
<t 
~ 


20 


I 
I 
I 
1- 
I 
I 
°0 
10 
20 
30 
40 


TIME (seconds )( 103) 


Figure 16·71. II Typical Traverse-TML HistoryIII 


II 
BIBLIOGRAPHY II 


Baker. W. E., P. A. Westine. and S. Silverman, Feasibility Study all Simulatillg tile Structural 


RcsprJllse of High Altiwde Missiles to Blast Loading, Final Technical~ 
Southwest Research Institute. San Antonio, Texas. 21 January 1966_ 


Barry. Jr., J. M.. Supplementary Data for the AlRS-/l Vehicle. Kaman AviDyneTM-25. 
~ AviDyne, 
Burlington. 
Massachusetts.~IY 1966 


Bryant. E. J.. N. H. Ethridge. and M. R. Johnson. Response of Drag Type Equipment 


Targets in the Precursor Zone _. WT1123. Ballistic Research Laboratories, Aberdeen 
Proving Ground, Maryland, Aug::t 1956 


Bryant, E. J.. and J, D. Day. Effects oj'Rough Terrain Oil Drag-Sensith'(! Targets 
Ballistic Research Laboratories, Aberdeen Proving Ground, Maryland, 9 
1959 


Criscione. E, S.. L. J. Mente, N. P. Hobbs, Vulnerability of Standard Army Interee 
Systems (AIRS I and II) to l\'uclear Weapon Blast and TlJermal Radiation Effects 
1IIIiiiiiiIiIiI AviDyne, Burlington. Massachusetts. April 1967 


Eppes. R., Jr., Review of Experimental Programs for Blast Intercept and Traversal, and 
Feasibility of Using a Large Bore Gun Facility for Launching Vehicles for Blast Intercept 


AMSMI-RS-TR-66-1:2. AMC-66-8. U.S. 
Army Missile Command. October 1966 


Field and Depot Maintenance Manual: Description and Theory of Air Defense Guided 


Missile X,1-f3El II TM 9-1410-500-35, June 1960 


Field alld Depot Maintenance Manual: Description and Theory: Guided Missile System 
Cumponents Organi:::ational Maintenance Test Station AN/.MSll-/-35 (SERGEA;VT Artil- 
lery Guided Missile System) _. Notes on Material NOM 94935-303-35/2, November 
1961. 


Field and Depot Maintenance Mallual: Schematics: SERGEANT Artillery Guided Missile 


XM 15 (SERGEANT Artillery Guided Missile System) •. TM 9-1410-302·35/1. August 
1963. 
• 
;,,:". 


Fraser, W. A1f:A Comparison of Experimentally alld Theoretically Determined Pressure 


Distributiorij..oJl a Biast-Loaded Missile Body, AMC-67-30. Kaman Nuclear, Colorado 
Springs, Colorado, June1964_ 


Hardenillg Technology Studies - JII ~M~C-B130200,Volumes I-IV, Lockheed Missiles 
and 
Space 
Company, 
Sunnyvale, California. 30 September 
1965 


16-116 


"(,.1;, 
' 
,.'. 


'f, 
• 
• 


Joint Engineer/Service Test SERGEANT Guided Missile System •. Volume I, U.S. Army 
1iiIiIIIfIIIjaluation 
Command 
Technical 
Report 
143, 
November 
1963 _ 


Johnson. O. T., R. D. Mayerhofer. and W. J. Schuman, Jr.,W!cr of Blast Upon Simulated 


alld Actual/14issiLes (Project 1.4 Operation Snow Ball) • 
Memorandum Report No. 
1655. U.S. Army Ballistic Research Laboratories, Aberdeen Proving Ground, Maryland. 
May 1965 


Johnson. O. T., and R. D. Mayerhofer. Susceptibility and Vulnerability of the Lance Missile 


S,J,'stem to Nuclear Effects (BlasrJ. BRL-MR-1862, U.S. Anny Mcteriel Command, 
: 
'c Research Laboratories. '=deen Proving Ground, Maryland, August 1967 


III 
.: 
: 
HGrde~, Technology Studies - llil. LMSC-BI30391, Volumes I-IV, Lockheed Missiles 
~ny, 
Sunnyvale, California, 30 
September 
1966 


HiliendahI. R. W.. Theoretical Models for Nuclear Fireballs II. DASA 1589-1 through 
1589- 
ed Missiles and Space Company, Sunnyvale, California. 1965-1966 


Kelley, B. E.. LA.\'CE Automet COIltn~{ System~ Army Missile Com- 
mand. Redstone Arsenal, Alabama. 25 June 1964_ 


Lindberg. 
H. 
E., 
et 
al.. Respollse of Reentry 
Vehicle-Type 
Shells 
10 Blast Loads. 
LMSC-BI30200, Volume IV-e, Stanford Research Institute, Menlo Park. California. for 
Lockheed Missiles and Space Company, Sunnyvale, Califom\a, 30 September 1965 


Johnson, O. T.. R. D. Mayerhofer: Susceptibility and Vulllerability of the SERGEA.\T 


Weapon System to Nuclear Effects (Blasr)I. BRL-R-1324, U.S. Army Materiel Com- 
mand. Ballistic Research Laboratories. Aber een Proving Ground. Maryland. June 1966 


. Kaman 
\Iente. K. 1.. Stal1dard Research Srstems for 
AviDyne. Burlington. Massachusetts. July 1965 


Mente. K. J.. Supplemelltao' Data for the AIRS-I 
Burlington, Massachusetts. June 1966 


Lindberg. H. E.• and G. E. Sliter. Respollse of Reenfry Vehicle-Type Slte/{s to Tramiellt 
Surface Pressures. AFWL"TR-68-56, Stanford Research Institute. Menlo P~rk. California. 
June 1969 


Log;sli~Supporr 
Plal1 for tIle LAXCE ,l1issile Sl'Stem 


Missii$.Command. Redstone Arsenal. Alabama 
, 


16-117 


• 
l~ 
' 
, 


."~ . .. 


Mikami, K" It: D'Amato, Criteria for the Effect of Damage on the Operational Capabilities 
of u.s. Army Missile Systems Volume 1. Lance Missile S stem 
TR-38 
Kaman 
AviDyne, Burlington, Massachusetts, February 1966 


Mikami, K., L. J. Mente,' R. D'Amato, Criteria for rhe Effecr of Damage on the Operational 
Capabilities of u.s. Army Missile Systems Volume 5. 
.' TR-38, 
Kaman AviDyne, Burlington, Massachusetts, July 1966 


Mdler, 1. and D. L. Blank, SLEDGE Program: Pllase I. Feasibility Study •. DASA-1988, 
Martin Marietta Corporation (Orlando Division), Orlando, Florida, ~ptember 1967 
- 
Nicholson, J. E., and J. J. Rossi, Pressure-Time Histories of Blast Wave Interactions with a 
Re-Entry Body. MC-65-163-RI, Mithras, Inc., Febmary 1966 


Nicholson, J. E., E. F. Kent, N. Zessoules, and P. H. McIngvale, A Ballistic Wind Tunnel Test 
Technique for 
-on-Shock interactions. MC-66-l42-R31, Mithras, Inc., 4 
October 1966 


Nuclear 
Radiation 
Effects 
Study 
on 
LANCE 
Directional 
Control 
Electronics II. 
RG-TR-64-14, U.S. Army Missile Command, Redstone 
Ars~nal, Alabama, September 
1964 


. 
g, 
~ 
•• 
:i. 
• 
• 


Nuclear Weapons Blast Phenomena. Volume i. Source and Development of Blast Waves in 
~ DASIAC, Santa Barbara, California, I March 1971 _ 


Nuclear Weapons Blast Phenomena. Voh;me II. Blast Wave Interaction 
. DASA 1200-11, 
DASIAC Santa Barbara, California, I December 1970 


Nuclear Weapons Blast Phenomena. Volume IIi. Air and SUbsurfa~ 
. - a Barbara, California, I March 1970_ 


OrganizatiGnal Maintenance Manual: SERGEANT Artillery Missile XM 15 (SERGEANT 
Artillery Guided Missile S,:stem). Notes on Material NOM 9-1410-302-20, May 1962. 


Operation antt.Field Mairtfenance Manual: General Support Shop Set (GSSS) (SERGEANT 
Field Ar~ Guided Missile System)II, Technical Manual TM 9-4935-305-40/1, July 
1963. 
.." 


Operator and Organizational Maintenance Manual: Guided Missile System. Components 
Organizational Maintenance Test Station AN/MSM-35 (SERGEANT Artillery GUided Mis- 
sile System)•. Notes on Material NOM 9-4935·303-12, October 1961. 


16-118 


II 


.-~- 
~.--~ 
.~.. 


OpemMrS Manual: Guided Missile System Components Field Maintenance Test Station 
AN/MSM-36 (SERGEANT Artillery Guided Missile System)II. Notes on Material NOM 
9-4935-304-10, October 1963. 


Operator's Manual, SERGEANT Artill~stem_, Notes on Material 
NOM 9-1400-300-10, December 196~ 


Operator and Orgamzational Maintenance Manual: Air Defense Guided Missile XM3EJ .' 
TM 9-1410-500-12, July 1964 
.' 


Operator and Organizational Maintenance 
~·::lnua/' Emplacement of Hawk Air Defense 
Guided Missile System _. TM 9-1400-500-12/1, August 1961 


Operator's Manual: Description for Hawk Air Defense Guided Missile System .' TM 
9-1400-500-10, June 196CW 


Operator and Organizational Maintenance Manual: SERGEANT Missile Trainer. Device 
3G52 
(SERGEANT Artillery Guided Missile System) •. Technical Manual TM 


9-,6920-130-12, .!anuary 1963. 


Operator alld Organizational Maintenance Manual: Four-Wheel Semitrailer-Mounted Guided 


Missile Launching Station XM 504 (SERGEANT Artillery Guided Missile System) • 
Notes on Material NOM 9·1440-30 i -12, October 1961. 


Parechanian, H. S., et aL, Dynamic Resp.onse Investigation of Simulated R/V Structure - 


Volume II Impulse and Blast Tests 8. SAMSO TR-69-144, Volume n, McDonnell 


~ompanY, Santa Monica, California, September 1969_ 


Proceedings: DASA/RAND Hydrodynamic Code Conference •. DASA-1553, DASA Data 
Central 
Gener 
' 
an , Tempo, Santa Barbara~~lifornia, September 1964 


,0 .'. 
.., 
•• 1 
• .• , 


o 
• 


Proceedings: DASA co.erence 
011 Nuclear Weapons Effects on Re-Entry Vehicles alld 
Interceptor Missiles 
DASA-1651, DASA Data Center, General Electric Company, 


~sa~ta Barbara, California, September 1965 


Proce 
: DASA/AFFDL SIIOCk-oIl-SIIOCk Interaction Conference _, DASA-1674, 
D 
ti Center General 
ric Company, Tempo, Santa Barbara, California, May 
19 


Proceedings: DASA Anti-Ballistic Missile Blast Vulnerability Conference. DASA-1744, 
DASA 
empo, Santa Barbara~lifornia, April 
1966 


16-119 


/ 
> 
. 
." 
, 
. 
. 
. 
:., ..-:,. 
. 
II 
... 


Reck. R. J., ~ H. E. Lindberg. Structural Response of the SPIXE Reentry Velzicle Models 
to Blast a,*"lmpulsil'e Loads•. AFWL-TR-67-118. Stanford Research Institute, Menlo 
Park. California and Dou las ~raft Company, Santa Monica. California. January 1968 


Sachs, D. C. and R. E. Keeffe. An Investigatioll of Static Blast/Velliele Intercept Simulation 


Metllods 
. AMC-67-30. Kaman Nuclear. Colorado Springs, Colorado, No'/ember 1967 


et al.. :til IIlI'estigatioll of Dynamic Blast! Velliele Illtercept Simulation 
. AMC-67-28. Kaman Nuclear. Colorado ·Springs. Colorado. August 1967 


Schuman. W. 1.. JI'.. Tile Respollse of Cylilldrical Shells to External Bias! Loading. BRL 
Memorandum Report No. 1461. U.S. ~arch 
Laboratories, Aberdeen 
Proving Ground, Maryland, March 1963_ 


Schuman. W. 1.. Jr.. The Respollse of Cylindrical Shells to External Blast Loadillg. Part II. 
BRL 
Memorandum 
Report 
No. 
1560, U.S. Army Ballistic Research Laboratories, 
Aberdeen Proving Ground. Maryland, May 1964 


SERGEA.\T ,lJissile System Operatioll and Emironmefll Test Program II. White Sands 
Missile 
Range Technical Memorandum .874, White Sands, New Mexico, June 1961 


Sieck, D. 
Woo Stress AI/a~ Missile II. SA 1-55-10, Volumes I & II. 
Northrop Aircraft. Inc........- 


Sliter. G. Eoo et aL. Warhead 0 


Tests of SPI.\'E "ellides 
California. July 1909 


Sliter. G. E.. et a!.. Warhead Optimi;atiol/ for Structllral Kill of Re-Entry v.e~ 
D·"'''' 
Institllte. Menlo Park, California, July 1969_ 


SPRI.\T Blast Survh'ability Program-Interim Report 
Corporation, Colorado Springs, Colorado. June 1969 


Swdies of B.~uJatioll Techniques 011 Re-Entry Vehicle\ 
Sandia Co,,- Albuquerque, Ntw MexIco. November 1962 
,. 
. 


Transportation Data for the U.S. Army Hawk Missile System~ AR-150, Raytheon Com· 
pany Aero/Weapons Division, Andover Plant, Andover, Massachusetts, June 1961. 


16-120 


Wells, P. B., E. A. 
Calculations 
1970 


Sachs, SPRINT Blast and Thermal Environment 
Nuclear, Colorado Springs, Colorado, 2 October 


Whitaker, W. A.. et aI., Theoretical Calculations of Early Phenomenology - 200 kt at 32 


kilometersII AFWL·TR·67·68. Air Force Weapons Laboratory, Kirtland Air Force 
Base, Albuquerque, New Mexico, October 196 


Zvara, J., R. D'Amato, Criteria for the Effect ofDamage on the Operational Capabilities of 
u.s. Army Missile Systems. Volume I. SERGEANT Guided Missile System 
TR·38. 
Kaman AviDyne, Burlington, Massachusetts, February 196 


16-121 


16-122 


(This page intentionally left blank) 


